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CHAPTER 1 
INTRODUCTION 


1.1 PURPOSE 


This manual contains information necessary to install and maintain the 
VS-100 CPU (WLI #191-0010-16). Additional information will be provided as i¢ 
becomes available, either as update/ravisions of this manual or as PSN 


(Product Service Notice) documents. 


1.2 SCOPE 


This manual contains introductory information pertaining to the VS-100 
system, end its installation and maintenance. This information is divided 
into eight chapters, as follows: 


Chapter 1: "Int ‘oduction," provides a general outline of the manual and 
gives a brief cescription of the VS-10V and associated 
peripherals. 


Chapter 2: "Theory of Operation," provides block-diagram level theory 
discussion for the VS-100 CFU and Mainframe components. 


Chapte~ 3: "Unpacking, Inspection, and Installation," gives guidelines 


necessary to ensure that the installation site corforms to 
specific requirements cf the VS-100 system; provides 
procedures for unpacking and inspecting the VS-100 Mainframe; 
and provides instructions for initial set-up and operation of 
the VS-100, together with associated prograr-loading and 


operation-confirmation procedures. 


Charter 4: "Switches, Controls, and Indicators," identifies all VS-100 


Mainframe controls and indicators, including a functional 
description of each, together with sta-dbv settings and 


operating procedures. 
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Chapter 5: "Initial Program Loading And SYSGEN," has been deleted and 


replaced with a list of referen-e: materials to bs used when 


SYSGENing the VS=-‘00. 


Chapter 6: "Preventive Maintenance and Adjustments," gives guidelines 
and schedules for necessary preventive maintenance routines. 
Also contains reference data and procedures for required 
adjustments and a description of the ‘System Log Book', 
required at every VS-100 installation site. Included in this 
chapter is a list of tools required for proper repair and 


Maintenance of tne VS-100 System. 


Chupter 7: "Removal/Replacement," contains procedures pertaining to 
disassembly, repair, and replacement of system components 


that are field-replaceable. 


Chapter 8: "Diagnostics, identifies the available offline and online 


diagnostic test programs and gives guidelines for their use. 
Also provides guidelines for isolating fault locations to 


field-replaceable or repairable components. 


In addition, appendices at th. rear of the manua!] nrovide the CE with a 
ready rerereace for necessary information. These appendices include a 
detailed BOM, a mrenonics dictionary, a listing of assorted rererence 


material, and a part number cross-reference list of all available VS-100 


devices. 


~” 


1.5 RELATED PUBLICATIONS 


For a list of all categories that contain information pertaining to the 
VS-1C0 System and related equipment, refer to the front of the manual. Refer 
to Appendix G for a list of related software documents pulisned by Corporate 


Publications. 
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1.4. SYSTEM DESCRIPTION 


The Wang VS-100 computer system is a high-performance data processor 
combining the programming flexibility of Virtual Storage with the speed of a 
"Cache! memory. The VS-‘'00 supports interactive, multiuser operations. in a 
general-purpose computer environment and offers programming capability in 
BASIC, COBOL, “ORTRAN, PL/1, and RFG II languages. The VS-100 also supports 


Assembler and Procedure languages, allowing operational sequences to be 


performeu without user interaction. 


Designed to serve as a complete commercial data processing system, the 
standard VS-100 system consists of a CP4 processor with from 512 kilobytes toa 
2 megabytes of main memory, 30 megabytes to 4.6 gigabytes of on-line storage, 
two to 128 (projected) workstations (including the Archiver Workstation), from 
one to 32 printers, and telecommunications interface capabilities ranging from 
a Single "remote" terminal to full-provocol compatibility with a larger host 
computer. The VS-100 supports all SERIAL VS peripheral devices; parallel 
printers and workstations are NOT supported on the VS-100. 


The VS-100 provides an expanded and improved computer architecture in 
comparison with the VS 60/80 system. Based on a new and faster CP4 processor, 
this architecture incorporates three new major components: a separate cache 
memory, a 64-bit data bus between main memory and other major processor 
components, and a 32-hit CP data bus. Together these new features provide a 


major improvement in total System performance. 


The following paragraphs provide general descriptions of the major 


components that make up the VS-100 Mainframe. For a more detailed explanation 


of the VS-100 CPU, refer te Chapter 2, "Theory of Operation." Fefer to the 


appendices for a list of related VS dccuments. 


1.4.1 CENTRAL PROCESS SR 


Housed in a comnact cabinet with the main memory and optional JOPs, the 
CPH central processor (CP) is the neart of the VS-100. It consists of a 
210-7600 A-Bus card and a 210-7601 B-Bus card. The CP4 processor is a faster, 
more sophisticated version of the 8300 CP used in the VS €0/80. It supports 
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the same instruction set as the 8300, with the exception of certain privileged 


instructions related to address translation. 


The VS-!00 CP supports binary, packed-decimal, and floating-point 
arithmetic. Included in the CP are sixteen 32-bit general-purpose registers 


and four 64-bit floating-point registers. As in the VS 60/80, the machine 
instruction set is comnatible with the IBM 370 instructicn set. 


The foilowing features of the CP4 are not found in the 8300 They provide 


the CP4 processor with much of its expanded processing power. 


1. 32-Bit CPU Architecture--ALU operations in the CPU use 32-bit register 
operands. The CP also has a 32-bit data path to main memory. 

2. Fast Cycle Time--r-ocessing time in the CF4 is approximately 160 
nanoseconds/micro-instruction. 

3. Overlapped Macro-Instruction Decoding--The use cf a dedicated, 
buffered Memory Address Register (MARO) allows the simultaneous 
processing of several different macro-instructionrs. 

4. Buffered Operand Access--Allows the 32-bit ALU path to be used in 
important storage-to-storazge macro-instructions (for example, MOVE, 
COMPARE). 

5. Hardware Multiplication and Division Support--Hardware within the CPU 
supports the multiplication of two 16-bit operands to form a 32-bit 
result within two instruction cycles (220 nsecs). This feature allows 
floating-point fractionai and fixed-point multiplication, and the 
processing of array-oriented macro-iustructions. An efficient 
non-restoring binary division operation is provided by two 


micro--instructions, ASH anc ASL. 


1.4.2 CONLROL MEMORY 


Control Memory (CM) in the VS-100 is based on 4Kx1-bit loadable RAM chips 
located on a 210-7602 Control Memory card. To load operational or diagnostic 
microcode into CM, a minidiskette drive is provided on the front of the VS-100 
chassis. A loadable CM allows for functional CP expansion, CP microcode 
updates using a floppy diskette instead of replacing expensive PROMs, and the 


use of loagable CPU micro-diagnostics. 
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FIGURE 1-1 VS-100 CENTRAL PROCESSING UNIT ARCHITECTURE 
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control Memory in the VS-100 is 8-Kbytes in size. A 1K PROM located on 
the minidiskette controller board contains the bootstrap program necessary to 


load the operational or diagnostic microcode into Control Memory. 


1.4.3 CACHE MEMORY 


A new feature added to the VS-100 is a 32-Kbyte block of high-speed (80 
nsec) local memory called the 'Cache.' The cache function is transparent to 
the user, ‘'cached' or concealed within the depths of the CPU. Only the 
apparént increase in main memory access speed is visible to the user. With 
this feature, the CP is able to access needed data without initiating a full 
Main Memory read cycle. If the necessary information is found in Cache, a 
considerable savings in processing time is achieved (on the order of 480 


nsecs). In the VS-100, cache memory is located on a 210-7604 Cache Memory 


card. 


Cache memory is a burfer betweer the CP and main memory. Its main 


function is to improve memory transfer rate by providing high speed access to 
needed data. It accomplishes this by storing a copy or the most recently used 
subset of main memory. When vthe CP does a memory read, it first references 
the cache. If the needed data is found here, a cache 'hit' occurs and no main 
memory cycle is initiated. If the required data is not found in cache, a 
cache 'miss!' occurs and a main memory cycle is initiated. The data read from 
memory is then gated to both the CP and the cache, kceping the cache contents 


current with Main Memory. 


Cache memory operates on the ‘locality of reference' concept, which is 
based on two assumptions: once a location in memory is referenced, it is often 
referenced agair. within a short period of time; and once a location is 
referenced, a nearby location will also be referenced. These assumptions hold 
true for the most part because, in programming, commonly used variables are 
usually 1ocated near each other and much use is made of program loons and 
common subroutines. The use of sequential instruction indexing and linear 


data arrays also play a part in the successful incoporation of a cache 


memery. For a detailed look at the cache and its operation, refer to Chapter 


2, Theory of Operation. 
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1.4.4 MAIN MEMORY 


The VS-100 can contain from two to eight 210-7603 (7703 in later models) 
Main Memory cards. Memory can range in size from 512 Kbytes (two cards) to a 
maximum of 2 Mbytes (eight cards) with memory size increasing in 256-Kbyte 
increments through the use of half-loaded boards. Each MM card can contain a 
maximum of 256 Kbytes of data. Memory cards ave loaded into the VS-100 in 


pairs to accomodate the 64-bit data path employed in memory operations. 


1.4.5 SYSTEM BUS CONTROLLER 


Acting as the 'traffic cop' of the VS-100 CPU, the System Bus Controller 
(SBC) controls the routing of data between the CP, the Bus Adapters (BA), and 
Main Memor:;. The SBC (210-7605) is also responsible for generating parity on 
MM writes and correcting ::ingle bit errors on MM reads. Other features of the 
SBC include Error Logging, Read Modify Writes and single byte CP reads, and 
the se of an External Condition Register to select and record everts 


occurring outside the CP. 


1.4.6 BUS ADAPTER 


The Bus Adapter (BA) is the interface between the VS-100 CPU and up to 
eight IOPs and attached peripheral devices. The BA (210-7611/7911) also 
provides data buffering and routing between the 16-bit IOP data path and the 
64-bit Main Memory (MM) data path. Because the IOPs use a 16-bit path and MM 
uses a 64-bit path, the BA must put data going from the IOP to MM into 64-bit 
blocks for transfer to MM. It must also perform the reverse function on data 
going from MM to an IOP. A maximum of two BAS can be installed on the VS-100, 
allowing the CPU to interface with a maximum of 16 IOPs With the 210-7611 
BA, however, only one disk IOP can be installei on the assoc‘.ated I/0 
motherboard. With the introduction of the 210-7911 BA, two disk IOPs can be 


installed in each I/O motherboard. 


1.5 CPU MOTHERBOARD 


The Central Processor Motherboard (210-7608) contains all CPU logic 


circuit cards, the main memory cards, and associated bus control logic cards. 
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All applicable IOP's (Input/Output Processors) are mounted on associated I/0 
Motherboards (210-7609). All circuit cards installed on the VS-100 CP 


Motherboard, along with a brief description of each card, follows: 


1. 210-7600 "A"-Bus (CP #1)~-Contains all A-bus registers, status 
registers, branch decision logic, multiplier, and the real-time clock. 

2. 210-7601 "B"~Bus (CP #2)--Contains all B-bus registers, Translation 
RAM, binary ALU, and the decimal ALU. 

3. 210-7602 Control Memory--Contains micro-instruction storag:, 
insruction counter, trap handling logic, and System clock. 

4, 210-7603 256K Main Memory Board (early version)/210-7703 256K Main 
Memory Board (later version)--Used for storage of software 
instructions and data. 

5. 210-7604 Cache Memory--Contains memory sequencing controls, cache 
memory and control logic, and buffers for all read data. 

6. 210-7605 System Bus Control--Controls all Read/Write data to/from Main 
Memory, 'ECC' generation, correction logic, and error checking. The 
SBC also contains the Bus Transaction Log (BTL) and the External 
Condition Register (ECR). 

7. 210-7611 Bus Adapter (early version)/210-7911 Bus Adapter (later 
version)--Contains the logic necessary to interface up to eight IOPs 
with the SBC. 


1.5.1 I/0 MOTHERBOARD 


Located next to the CP motherboard, two I/O motherboards (210-7609) 
contain all required IOPs for a particular system. Each motherboard can 
accomodate a maximum of eight IOPs providing a total of 16 IOP locations. The 
IOPs supported by the VS-100 are modified versions of the 60/80 IOPs. The 
major difference is the addition of new firmware to interface the IOPs (except 
the TC IOP) with the VS-100 CPU. 


1.6 INPUT/OUTPUT PROCESSORS 


In the VS-100 as in the 60/80, the IOPs relieve the CPU of the time 
consuming task of communicating directly with attached peripherals. With this 


feature, I/O processing and data processing can run concurrently on the VS-100 
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@ with the resu) tant increase in processor job=handling speed. Following is a 


list of the available IOPs with a description of the individual perijherals 
each IOP can support. 


1. 22V25-2 Dual-Density Tape Drive IOP (WLI #212~3010)--Supports up to 
four 2209V-1/2209V-2 Nine-Track Magnetic Tape Transports and 2209V-3 


Seven-Track Magnetic Tape Transports in any desired combination. 


NO 


22V26 Telecommunications IOP (WLI #212--3020)--Supports up to three 
separate synchronous communications lines (including Automatic Calling 
Units). Currently-available line speeds inelude 1200, 2400, 4&€00, and 
9600 baud. Since each line is independently programmed, the system 
can run different protocols on separate lines concurrently from the 
same IOP. Currently-supported industry-standard protocols for 
bisynchronous transmission include 2780/3780 emulation, 3270 
emulation, and HASP. Model 2246R Remote Standalone Workstations also 
can be attached to the system via 22V26 IOPs, either locally through a 
"dummy" modem or remotely through a standard modem. 
@ 3. 22V27 Serial IOP (WLI #212-3021)--Supports the 2246S Serial 
Workstation, the 2246C (2-Board only) Combined Workstation, the AWS-1 
Archiving Workstation, the 2221V-S/2231V-2S/- 2231V-6S Serial Matrix 
Character Printers, the 2263V-1S/2263V-2S/- 2263V-3S Serial Chain 
Printer, 2273V-1S/2273V-2S Serial Band Printer, and the 2281V-S Serial 
Daisy Wheel Printer in any desired combination. This IOP is available 
in two models: the 22V27-1, which supports up to eight serial devices, 
and the 22V27-2, which supports up to sixteen serial devices. 
4, 22V28 Large Disk Drive IOP (WLI #212-3023)--Supports up to four 
2265V-1/2265V-2 Storage-Module Disk Drives or 2280V-1/2280V-2/- 


2280V-3 Cartridge Moduie Disk Drives in any desired combination. 


1.7 FRONT AND MAINTENANCE PANELS 


Located behind a smoked-glass window on the front cover, the Front Panel 
provides the user or CE with a quick check of system status. A series of LEDs 
® on the panel indicate to the user the status of certain critical CPU and IOP 


functions. Refef to Chapter 4, Switches and Indicators, for further details. 


Also new to the VS-100 is a maintenance panel located behind the front 
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cover. Because it iS strictly a tool used by the CE, this panel is not 
accessible to the user . The maintenance panel provides the CE with a 
powerful croubleshooting aid. It allows the CE to check and monitor most 
major CP) functions. The maintenance panel when used in conjunction with 


newly released microcode diagnostics allows the CE to exercise all critical 
areas of the CPU. 


1.8 POWER SUPPLIES 


Power for the VS-100 Mainframe is supplied from two sources: a Wang Linear 
Power Supply providing the +12VDC and -5VDC voltages, and two OEM switching 
Supplies providing the +5VDC voltages. These units are located behind the 
front cover, directly below the CPU motherboard. Neither of these two units 
are accessible by the customer. Any work involving tnese units sh’ .ld be done 


by a Wang CE. \Reter to Chapter 6, Preventive Maintenance and Adjustments. ) 


1.9 OGUFTWARE DESCRIPTION 


the VS-100 supports Release 5.(1 of the VS Operating System (0S). This 
software release contains Several new features and functional improvements 
over previous releases (Release 4). Major areas of change are in the Command 
Processor, the Operator's Console Menu, and the SYSGEN procedure. Most other 
features of Release 5.01 are similar to previous releases and are discussed in 


Paragraphs 1.9.1 through 1.9.4. 


Changes in the Command Processor include a slightly changed Main Menu to 
reflect the combination of two commands, SHOW DEVICE STATUS and MOUNT/DISMOUNT 
VOLUMES, into one ealled COMMAND DEVICES. This new command also includes 
several new options that allow the user to perform such functions as changing 


mount restrictions and modifying work and spool file eligibility more easily. 


Changes in the Operater's Console menu include the displaying and 
controlling of all devices through separate PF keys (PF9 through PF13), the 
setting of up to eight workstations as dual operator/user mode terminals with 


PF14, and the activating of the PRINT I/O ERROR LOG command also witr PF14. 
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1.9.1 USER CONVENIENCE FEATURES 


A system must be designed so that its users can make the most effective 
use of its facilities, without being forced to undergo a long and arduous 
learning process. The VS-100 System is such a user-oriented system. The 
VS-100 offers a multitude of convenience features that make it easy to use by 
programmers and non-programmers alike. These features include a versatile 
data entry, file maintenance, and report generation facility; an interactive 
text editor for entering and editing source programs; an easy-to-use symbolic 
debug facility for program debugging; and an assortment of system utility 
programs, including SORT, COPY and LINK routines. 


1.9.2 ADDITIONAL SYSTEM UTILITIES 


The VS-100 system provides a variety of additional system utility programs 
to support the general programming task. These include, among others, COPY, 
SORT, and LINK utilities. The versatile COPY utility permits the user to copy 
a single program or data file, an entire library of such files, or a complete 
disk volume. For data files, the COPY utility provides an option to change 
the file organization from sequential to indexed cr vice-versa. The SORT 
utility provides high-speed sorting and merging capabilities for both indexed 
and sequential files, with either fixed- or variable-length records. The LINK 
program is used to link together two or more program modules into a single 
large program, and also offers the option to remove the symbolic debug 
information previously inserted for debugging purposes. Other utilities 
include a translation utility which translates from EBCDIC to ASCII and 
vice-versa; a special copy utility which copies and automatically translates 
Wang 2200 program and data files to VS format (and vice-versa); and a display 
utility, which can be used to display and/or print printer files. Table 1A 
lists all major VS-100 utilitiy programs with a brief description of the 


function of each utility. 
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PROGRAM NAME 


ASSEMBLE 
BASIC 
COBOL 
CONTROL 
COPY 


COPY 2200 


DATENTRY 
DISKINIT 


DISPLAY 
DUMP 


EDITOR 
EZFORMAT 
LINKER 


LISTVTOC 


PL/1 
PRINT 
REPORT 
RPG II 
SORT 


fRANSL 


TABLE 1A VS-100 SYSTEM UTILITY PROGRAMS 


DESCRIPTION 


Assembles a source program written in VS assembler language. 
Compiles a program written in VS BASIC. 

Compiles a program written in VS COBOL. 

Defines attributes and validation criteria for a data file. 
Copies files, libraries, or volumes from one location to 
another. 

Copies and automatically converts files from 2200 standard 
format to VS format, and vice versa. 

Creates and updates data files. 

Initializes a new disk volume in VS format, with a volume 
label and Volume Table of Contents. 

Displays file contents on the workstation screen. 

Produces a printed copy of a task dump previously written to 
diskette with the DUMP AND CANCEL function of the Debug 
Processor. 

Enters and edits source program text. 

Creates display files for formatting the work station screen. 
Combines two or more program modules into a single 
executable program. 

Produces complete or selective listings of a specified 
volume's Table of Contents, and examines the VTOC for errors. 
Compiles source programs written in VS PL/1. 

Prints the contents of a print file. 

Produces customized reports from a data file. 

Compiles source programs written in VS RPG II. 

Sorts a data file, with an optional capability to merge two 
or more sorted files. 

Automatically translates the contents of a specified file 
from EBCDIC to ASCII (the code used internally by the VS-100 


system), or vice versa. 
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1.9.3 FILE PROTECTION AND SECURITY 


All VS-100 system disk and tape files are classified according to a 
flexible file protection and security system, tailored at installation to the 
specific needs of the user. This system is under the direct control of the 
Security System Administrators at each installation. These Security System 
Administrators are specially-recognized users who determine the meaning and 
use of the file protection classes. They are able to access all files on the 
system, including the System User List and the Special Privilege Program List. 

‘ 

Every program, procedure, and data file on the system can be placed in one 
of twenty-eight file protection classes. Protection class codes are 
designated by a capital letter, 'A' through 'Z', which represent protection 
classes whose meanings are asSigned by the Security System Administrators. 
Such assignments normally are given mnemonic relationships--as indicated in 


the following list of "typical" examples: 


Class W = The Workorder File 
Class P = The Product File 
Class C = The Customer File 
Class Q = The Sales Quota File 
The system also recognizes two special classes, "#" and" " (blank), which 


are reserved for specific uses: 


Class ' ' -- Desginates unprotected files, which are open to all 
users. 


Class '#' -- Designates private and/or Security System Administration 


files that are not available to any of the norma’ class codes. 


The class of unprotected files is specified by setting the file protection 
class to blank. An unprotected file can be accessed by any user of the 
system. The '#' class, unlike the other file protection classes, is used to 
define one protection class for each user. When specified, the '#' class code 
identifies those files which can be accessed only by the user who created them 


(and by the Security System Administrators). 
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Befure users of the system can access a protected file, they must identify 
themselves using the LOG-ON command. At lcg-on time, the user's LOG-ON ID and 
password are validated by lookup in the System User List, and the user's 
"access rights" are determined relative to the defined file protection 
classes. Access rights are listed in the System User List for each file 
protection class to specify three different levels of privilege in order of 
increasing responsibility, as follows: 

1) Execute Only Access (EXEC) 

2) Execute and Input Access (READ) 


3) Execute, Input, Update, Rename, Scratch and Debug Access (WRITE) 


These access rights are checked whenever users attemnt to execute a 


program or procedure, open an existing file, or rename or scratch a file. 


1.9.4 RELIABILITY 


To ensure the integrity of information stored in memory and on external 
storage devices (disk or tape), the system provides automatic error detection 
and correction facilities. In physical memory, all single-bit errors are 
corrected automatically, while multi-bit errors cause an error indication. 


Similar checks also are performed on information stored on disk or tape. 


1.10 EXPANDABILITY 


The modular design of the VS-100 system permits it to be readily expanded 
with additional physical memory (a maximum of ZMbytes), more on-line storage 
devices (a PROJECTED maximum of 16 devices), and additional workstations and 
printers (a PROJECTED maximum of 128 SERIAL peripherals). Expansion can be 
carried out with no impact on existing software, except for the need to 
"regenerate" the system to update the Operating System software to reflect the 
newly-added devices. Consequently, the user with distributed data processing 
requirements can purchase several assorted system configurations of differing 
size and complexity, and can use a common set of application software on all 


systems. "Typical" VS-100 system-option configurations are as follows: 
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1. MINIMUM VS-100 SYSTEM CONFIGURATION: 


512-KB Main Memory Two 210-7603 MM Cards 
Two Workstations*®, One Printer One 22V27-2 IOP 

One Disk Drive One 22V28 IOP 

One Magnetic Tape Drive One 22V25-2 IOP 


2. TYPICAL VS--100 SYSTEM CONFIGURATION: 


768-KB to 1.5-MB Main Memory Four to Six 210-7603 MM Cards 
28 Workstat:ions*, 4 Printers Two 22V27-2 IOP's 

Two 288-M8 Disk Drives One €2V28 ICE 

One Magnetic Tape Drive One 22V25-2 IOP 

One Telecommunications Channel One 22V26-1 IOP 


3. MAXIMUM (PROJECTED) VS-100 SYSTEM CONFIGURATION: 


2-MB Main Memory Fight 210-7603 MM Cards 
96 Workstations*, 32 Printers Eight 22V27-2 IOP's 
Sixteen 288-MB Disk Drives Four z2V28 IOP's 

Eight Magnetic Tape Drives Two 22V25-2 IOP's 

Six Telecommunications Channels Two 22V26-3 IOP's 


® One of these workstations will be an AWS-1 Archiving Workstation. One 


AWS-1 is shipped as standard equipment with every VS-100. 


1.11 ASSOCTATED PERIPHERALS 


The VS-100 System supports all currently offered VS peripheral devices, 
with the exception of all parallel workstations and printers. The following 


paragraphs list and describe those peripherals available to the VS-100. 


1.11.1 WORKSTATIONS 


CRT/Workstations are the primary means of communicating with the VS-100 
system. Four models are available for use on the VS-100. These can be 


divided into two types, the 2246 series and the 2266 series, as follows: 
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1. 2246-SERIES WORKSTATIONS @ 


The 2246S Serial Workstations connect to the VS-100 using coaxial 
cables and a 22V27 Serial IOP. The system also interfaces with 2246C 
Combined Data-Processing/word-Processing Workstations, which are 
particula7ly useful for those applications requiring word-processing 
functions. A VS-100 system can support up to 128 such workstations, in 
any combination (requiring a separate 22V27-2 IOP for each group of 16 
workstations), but the normal svstem configuration uses some portion of 


this 128-port capacity for serial printers. 


The workstations consist of a Keyboard and a display screen combined 
in a single case. The keyboard contains the familiar typewriter-like 
arrangement of alpha-numeric, and special character keys, together with 
two extra banks of Keys to the rig*t of the standard group. The first of 
these two banks consists of cursor-control and speciai-function keys; the 


second bank contains numeric keys ina calculator arrangement. In 


addition, a strip of 16 PF (Program Function) keys runs along the top of 
the keyboard. On the 2246S nodel, these sixteen dual-function keys are 
marked PFO1/PF17 through PF16/PF32; or the 2246C model, these samme 
designations are provided un a plastic strip located just below the keys, 
while the keys themselves are enscribed with the associated WP functions 
initiated by each key. The 12-inch diagonal CRT has a total display 
capacity of 1920 characters (24 rows, with 80 characters per row) which 


can be displayed in either "normal" or "highlignted" (bright) intensity. 


Locally-attached workstations can be located anywhere up to a maximum 
distance of 2,000 feet from the CPU Mainframe unit. Remotely located TC 
workstations can te installed wherever a telephone line can be accessed. 


Such workstations communicate with the CPU Mainframe via a 22V26 TC IOP. 


2 ARCHIVER WORKSTATION 


Ail VS-190 Systems will be shipped with one 2266-series Archiving 


Workstation as standard equipment. The Model 2266-series VS-AWS system 
consists of a 2266 Archiver Terminal connected to a 2266-ser:.es Archiver 


Master Unit by a 25-ft (7.6m) data cable. Contained in the Master Unit is 
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©} a Model 2270V Double-Sided Double-Density (UVSDD) Diskette Drive and 
all associated logic cards. The VS-AWS system is available in five 
models, eovering different capabilities in either combined word and data 
processing or strictly data processing. Model numbers for the combined 
systems are 22v6C-1 and 2266C-3. Model numbers for the data processing 
systems are 2266S-1, 2266S-2, and 2260S-3. 


The VS-AWS system is designed to handie either or both of two 
different diskette media formatting techniques: conventional hard-sector 
formatting or a new soft-sector formatting technique. The Model 2266S 
data processing Arciuiver is available in three different versions: the -1, 
which includes a hard-sector controller providing 315Kbytes of storage; 
the -2, which includes a soft-sector controller providing a maximum of 
1.2Mbytes of storage; or the -3, which includes both controllers. The 
Model 2266C combined system is available as a <-1, outfitted with the 


hard-sector controller, or a -3, which contains both kinds of controllers. 


® The Archiver Terminal has its own power supply and plugs into any 
convenient 115V (60 Hz)/230" (50 Hz) outlet through a built-in 7-ft (2.1m) 
power cord. Except for intensity, focusing, and key-response electronics, 
all workstation logic card3 are located in the Archiver Master Unit. The 
Master Unit has an independent power supply for the contained diskette 
drive electronics and logic boards and plugs into any convenient 115V (60 


Hz)/230V (50 Hz) outlet. through a built-in 6-ft (1.8m) power cord. 


The Archiver Master Unit connects tc a VS nost computer through a 
standard coax cable, available in multiples of 50 ft (15.2m) up to a 
maximum length of 2,000 ft (609.6m). Connection to the VS-100 system is 
made through a 22V27-1 (8-port) or 22V27-2 (16-por:) Extended Serial IOP 


(Input/Output Processor) assembly located in the host Mainframe. 


1.11.2 SERIAL PRINTERS 


The primary output devices of the VS-100 system are serial printers. 
& These devices are available in a variety of types and models, offering 
different speeds and print styles. Each printer attaches to the Mair.frame 


through a coaxial cable thet connects independently to any desired J/0O port of 
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any one of up to eight. 22V27 Serial Workstation/Printer IOPs. Although the a 
VS-100 system is designed for operation only with serial printers, the 

associated 2246R Standalone TC Workstation can itself operate with a satellite 

parailel printer, which connects to the rear of the 22H46R workstation via a 


standard RS-122C coupling. Following are descriptions of the printers 
supported by the VS-100. 


1. 5521 Matrix Character Printer 


The 5521 Matrix Character Printer forms most characters with a 9x7 dot 
matrix; a larger 9x9 matrix is used for special characters tor greater 
detail. The 5521 provides a 96 character sct, includiug uppercase, 
lowercase, and special characters. It can handle multipart forms of up to 
four carbons plus an original. The printer accepts paper in widths from 3 
1/2 inches (8.9 om) to 14.9 inches (37.2 om). The printer provides 
automatic vertical formatting, programmable audio alarm, and an 


expandec-print capability. The 5521 prints at an average speed of 200 


characters per senond (cps). The number of lines printed per minute (lpm) 


varies, according to the line length, from 65 to about 300 lpm. 


2. 5531-2 Matrix Printers 


The 5531-2 is an e2onumical matrix printer offering many of the same 
features of the 5521V matrix printer, but at a slower pri:t speed. The 
5531-2 provides a full 96-character set, including uppercase, lowercase, 
and special characters, using a 7-by-9 dot matrix to form each character. 
The 5531-2 prints a 132-character line at an average speed of 120 cps 
(actual speed varies, according to line length, from 45 to about 250 lpm) 
The 5531-2 can handle multipart forms and variable paper widths, and is 


equipped with an audio alarm. 
3. 5570/5571 Chain Printers 


The 5570 and 5571 are solid-character line printers which produce 


quality printed output at high speed. The 5570 has a printing speed of 
400 lpm; and the 5571 has a printing speed of 609 lpm. 
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The 5570 and 5571 print one entire line (up to 132 characters) at a 
time. They can print one original and up to five carbon copies, and 
handle paper widths from 3.5 inches (8.9 om) to 19.5 inches (48.8 om). 
These printers provide a number of useful features, including an automatic 
paper puller, static eliminator, and programmable audio alarm. Different 


typefaces and special character sets (including foreign language character 


sets) are optionally availatle. 
WY. 5573/5574 Band Printers 


The 5573 and 5574 are solid-character line printers producing quality 
printed output at high speed. The 5573 has a printing speed of 300 lines 
per minute (lpm); and the 5574 has a printing speed of 600 lrm. The 5573 
a..d 5574 print one entire line (up to 136 characters) at a time. They can 
print one original and up to five carbon copies, and handle paper widths 
from 3 inches (7.6 em) to 16 inches (40.6 cm). These printers provide a 
number of useful features, including an automatic paper feed, static 
eliminator, and programmable audio alarm. Different typefaces and special 


character sets (including foreign language character sets) are optionally 
available. 


5. 6581W Serial Daisy Wheel Printer 


The 6581W Serial Daisy Wheel Printer is a bidirectional output writer 
that uses a "daisy" character wheel with an 86-character set (uppe~case/ 
lowercase alphamerics and special characcers). This printer produces 
typewriter-quality output at a rate of 30 cps. The removable character 


wheels can be replaced to change character sets as desired. 


1.11.3 DISK DRIVES 


The VS-100 system is designed to operate with either or both of two 
different models of large-capcity disk drives, each of which is available in 
different capacities. One of these is the 2265V-Series SMD (Storage Module 
Disk) Drive. The other is the 2280V-Series CMD (Cartridge Module Disk) Drive. 
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1. 2265V SMD Drive © 


The Model 2265V-Series SMD Drive is a high-performance, high-capacity 
disk unit which provides fast access to large volumes of data. The SMD 
drive conteins a multiplatter storage module that can be removed easily 
for off-line storage or replacement by another module containing different 
appiications tasks. The top and bottom platter surfaces in the storage 
module are not used for data storage; thev serve as vhysical protection 
for all inner platters. In addition, one side of an internal platter is 
used solely for servo-head track selection, with the remaining platter 
surfaces being configured to store 16 megabytes each of data. Besides 
high speed and large data storage, each SMD provides extensive error 


checking and correcting facilities. 


The 2265V-Series SMD Drive is available in two models: 
a. The Model 2265V-1 SMD Drive provides a maximum of 75 Mbytes of 
storage using a 5-platter module, providing six storage surfaces. 
b. The Model 2265V-2 SMD Drive provides a maximum of 288 Mbytes of 


storage using uses an 12-platter module, providing 19 storage 


surfaces. 


Up to four SMDs of either capacity in any desired combination 
(including combinations mixing either or both with one or mcre different 
configurations of the 2280V Phoenix CMDs) can be connected to the VS-100 
Mainframe Unit via a single 22V28 Large Disk Drive IOP. Connecting four 
2265V-2 288-MB SMDs thus provides a maximum on-line storage capability of 
1.15 gigabytes for each such 22V28 I0P-controlled group. The VS-100 
addressing structure allows up to four such groupings to be installed, 
thereby producing a maximum VS-100 on-line storage capacity of 4.6 


gigabytes if the system contains 16 Model 7%265V-2 SMDs. 
2. 2280V Phoenix CMD DRIVE 


The Model 2280V-Series Phcenix Cartridge Module (CMD) Drives are 


high-performance units which combine the high-densivy track-selection 


features and the security-supporting module removability of the 


2265V-Series SMD with the convenience of a fixed-platter package. The 
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Phoenix drives contain a multi-platter "fixed" disk pack and a easily 
removable single-platter cartridge for off~line data stcrage. One surface 
cf the removable cartridge is available for 16-Mbyte storage of data, and 
the other surface is used for track selection. In addition, one of tre 
surfaces in the multiplatter fixed disk pack also is used for track 
selection in order to integrate the removable platter with the fixed 
pack. All remaining surfaces of the fixed pack are available for use, 
providing 16-megabytes of storage on each surface, with the number of 
available surfaces depending on which of three CMD models is used: 
a. The Model 2280V-1 (30-MB) CML Drive uses one "fixed" platter, 
providing a total of two useful 16-megabyte storage surfaces. 
b. The Model 2280V-2 (60-MB) CMD Drive uses two "fixed" platters, 
providing a total of four useful 16-megabyte storage surfaces. 
ec. The Model 2280V-3 (30-MB) CMD Drive uses three "fixed" platters, 


providing a total of six useful 16-megabyte storage surfaces. 


Up to fuur Phoenix CMDs in any desired combination (including mixes of 
one or more CMDs with one or more 2265V-series SMDs in any combination) 
can be connected to the VS-100 Mainframe Unit via a single 22V28 Large 
Disk Drive IOP. The VS-100 addressing structure allows up to four such 


groupings to be installed. 


1.11.4 TAPE DRIVES 


The 2209V-Series Magnetic Tape drives are particularly useful for 
transferring bulk-stored data between the VS-100 and other computer systems. 
These drives support both ASCIi and EBCDIC character codes, handle PE (Phase 
Encoded) or NRZI (Non-Return to Zero, Indiscrete) recording formats, and 
provide read-after-write verification and automatic correction for 
single-track errors and those multiple-track errors that can be reduced to a 
single track. Up to four tape drives can be connected to the VS-100 system in 
any desired combinaticn through a single 22V25-2 Magnetic Tape vrive IOP; one 
of the tape drives must contain a Formatter subassembly (WLI #725-0064), 
making it the "Master Tape Unit"; the other tape drives are "slave" units, 


connected to and governed by that same Formatter subassembly. 
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1. 2209V-1 Nine-Track Tape Drive @ 


The 2209V-1 Tape Drive reads from or writes to tape at a 1600 
bits-per-inch (bpi) rate, using Phase Encoding. The unit contains a 
dual-gap read/write head, full-width erase head, tape cleaner, and photo 
electric sensors to detect. reflective tape markers and tape breakage. The 
drive transports tape at a velocity of 75 ips during read and write 


operations, and up to 200 ips during rewind. 
2. 2209V-2 Nine-Track Dual-Density Tape Drive 


The 2209V-2 Dual-Density Tape Drive is program-selectable for 
operation at either 1600 or 800 boi. Specifications for the 2209V-2 are 
the same as the 2209V-1 described above with the exception that the 
2209V-2 uses Phase Encoding for data transfers at 1600 bpi, and NRZI 


coding for 800 bpi data transfers. 


3. 2209V-3 Seven-Track Tape Drive 


The 2209V-3 Tape Drive operates with 7-track tape, handling NRZI 
coding at a maximum speed of 800 bpi. Specifications for this unit are 
the same as the above two units. The drive transports tape at a speed of 


75 ips during read/write operations, and up to 200 ips during rewind. 


1.12 TELECOMMUNICATIONS 


The ability to transfer data between remotely located terminals and the 
VS-100, or between the VS-100 and other mainframes at distant sites is 
becoming more and more important in the business world. To accomodate this 
need, the VS-100 uses the 22V26 TC IOP. Depending on the model selected, the 
22V26 can support one (22V26-1), two (22V26-2), or three (22V26-3) separate 


bisynchronous communications lines, allowing concurrent handling of up to 
three different protocols. 


The 22V26 IOP in conjunction with the 2246R Remote Workstation allows a 
remote user full access to the VS-100. The 22V26 IOP in conjunction with the 
available 2780/3780 or 3270 emulations allows the VS-100 to communicate 
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directly with remotely located host systems, compatible terminals, or other 


Wang systems. 

Data transmissions speeds of 1200, 2400, 4800, and 9600 baud are 
accomodated by the 22V26 IOP. All lines on a 22V26 can support an Automatic 
Calling Unit (ACU). 


1.12 SYSTEM SPECIFICATIONS 


Following are the physical, electrical, environmental, and operational 


specifications for the VS-100. 


1. Physical Specifications 


Width , 48.0 Inches 121.9 om 
Height 41.0 Inches 104.1 om 
Depth 31.5 Inches 80.0 cm 

Weight 750 lbs. 340.2 Kgs 


2. Electrical Specifications 


Input Circuit Dedicated w/30A circvit breaker 


in computer room 


Voltage 2°OVAC +10%, -15% 

Frequency 50/60Hz Split Phase 

Amps 17.0 (maximum; 14.2 plus 2.8 
for fans) 

Power 2027 Watts (calculated max.) 

Heat Output 8000 BTU/Hr (max.); 1750 
KCAL/Hr (max.) 

Power Cable 9. Feet 2.9 Meters 


3. Environmental Specifications 


Temperature +60°F (47625 6) to +80°F 
(426.7°C) 
Humidity 49% to 60% non-condensing 
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4. Operational Specifications 


Control Memory Size 
Cache Memory Size 


Main Memory Size 


Main Memory Word Size 


Main Memory Cycle 


Main Memory REFRESH Cycle 
CP Cycle 


SBC Cycle 

CP4 Data Path 

Main Memory Data Path 

BA-IOP Data P th 

CP4 Address Path 

Main Memory Address Path 
BA-IOP Control Path 
Inter~Processor Communication 
(IPC) Word 

System Clock 


CP Micro-Instruction 


CP Registers 


8 Kbyte 

32 Kbyte (8K 32-Bit Words) 

512 Kbyte (minimum) 

2 Megabyte (maximum) 

32-Bit Data Word, 7-Bit Parity 
Field 

640 nanoseconds (480 nsec 
memory cycle plus a 160 nsec 
SBC arbitration cycle.) 

Every 15 microseconds 

160 nsee (synchronized with SBC 
cycle) 

160 nsec 

32 Bits Wide 

64 Bits Wide 

16 Bits Wide 

24 Bits Wide 

20 Bits Wide 

8 Bits Wide 


32 Bits 

25 MHz, 40 nsec (derived from a 
50 MHz oscillator on the 
210-7602 card) 

48 Bits Long (22-Bit Process 
Field, 8-Bit Memory Field, 
18-Bit Branch Field) 

Sixteen 32-bit General Purpose 
Registers 

Four 64-bit Floating Point 


Registers 
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CHAPTER 2 
BLOCK DIAGRAM LEVEL, THEORY OF OPERATION 


2.1 OVERVIEW 


The VS-100 consists of eight major card assemblies, as shown in Figure 
2-1, the System Block diagram. The System Bicck should be used to observe the 
multitude of inter-board signal lines and busses and the direction of data 
flow while reading the block theory of operation. Because the I/O Processor 
(IOP) is common to other VS systems, it will only be referred to when 
necessary in relation to the remaining seven cards. A block diagram of the 
major logic elements on the other cards accompanies the theory of the card. 
The theory explains the major logic element functions of each card, but these 
explanations do not trace specific signals, busses, or micro-instructions 


through the entire system. 
2.2 VS-100 CONTROL MEMORY 


The VS-100 Control Memory, (Figure 2-2) a loadable Random Access Memory, 
stores all Central Processor micro-instructions. The loadable Control Memory 
permits CP microcode updates, microcode expansion, and use of micro-level 
diagnostics. The Control Memory card, containing 8K of RAM, is separate from 
the CP to allow flexible Control Memory size. The CP branch field allows 
14-bits (16K possitle locations) for Control Memory addressing. CP micro- 
instructions are 6 bytes (48 bits) long with a seventh byte containing two 
parity bits. | 


All system microcode is recorded on a mini-floypy diskette. A simple, low 
cost, mini-floppy diskette drive is used to load the microcode into tne 
Control Memory RAM. A 1K PROM, located on the diskette drive controller, 
contains micro-routines to support the mini-floppy Z80 microprocessor during 


the microcode loading. 


Fetching a micro-instruction from Control Memory requires a full 48-bit 


path to the CP. Two micro-instructions, Write Control Memory and Read Control 
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Memory, are provided for reading or writing one Control Memory byte at a 
time. Traps, branching, and master timing are all functions of the Control 


Memory card, even though not directly related to Control Memory functions. 
2.2.1 Writing Control Memory 


There are two methods for writing to Control Memory RAM. The first method 
allows the system microcode to be loaded from the mini-floppy diskette using 
the CPU 'BT' (BOOT) button on the front panel. One byte of data read from tne 
mini-floppy, as LWDO-7, is written through the Control Memory Data Input 
Buffer to a RAM location. Addresses (LICO-13) are supplied to the CM Address 
Latch from the Z80 microprocessor chip on the mini-floppy controller as the 
data is read from the diskette. A Byte Counter tallys the number of bytes 
loaded for each CM word. The Byte Counter increments the RAM write enable 
inputs (WEO-6) each time a byte is written. As each CM word is 50 bits long 
(48 data and 2 parity), the Byte Counter cycles 7 bytes per word. When tne 
last byte of a word has been written, the counter is reset. ® 


The second method, using an outer level Patch CP Micro-code instruction, 
can be used for testing aienesede updates. Control Memory is modified one 
byte at a time using RDO-7 (6 data bits and 2 parity bits) from the Program 
Mask Register on the B Bus through the CM Data Input Buffer. The byte will be 
written to the RAM using addresses (RAO-13) from the B Bus Virtual Memory 
Address Register to the Control Memory Address Buffer and through the Control 


Memory Address Latch. The Byte Counter tallys the number of bytes loaded for 
each CM word. 


2.2.2 Reading Control Memory 


After the system microcode has been loaded, pressing the System Load 
button on the front panel causes a trap (see paragraph 2.2.3) and branch to 
Control Memory location zero to begin system IPL execution. The trap address 


will be forced into the Branch Muliiplexer and sent to the Next Address 


Multiplexer for loading into the Control Memory Address Latch. The 


Instruction Counter is also loaded with this current address and incremented 


| 


by one to prepare the next address. The RAM write enable inputs are inactive, 
allowing the RAM to be read. The Control Memory Register is always output 
enabled and the data, as CM bits 0-47, is available to the A Bus, B Bus, Cache 
Memory, and System Bus Controller. The sequential incrementing of the 
Instruction Counter and the fetching of micro-instructions continues unless 


interrupted by branch, trap, or write Control Memory operations. 


TABLE 2A VS-100 TRAP ADDRESSES 


CONDITION 
0001 
MAR1/MAR2 Translation 
Proteczion (any MAR) 0005 
0006 
Word Alignment (CM27~29 = 010) 
Word Alignment (write) 0008 

© Alignment MARO (halfword) 0009 
OVFT OOOA 
MMPT Main Memory Parit 
Execute Target EXEC = 1 
| PAR —s«{|:~«CP «Control Memory Parit 
External Event (EXT = 1) 
Software ; (DEBUG = 1) 
Clock Maintenance (CS1 = 1) 
Clock Interrupt (CS3 = 1; CS4 = 1) 
IO Interrupt (103 = 1; IOMASK = 1) 
Pagebreak (PAGEOV = 0) 
Entry Pagebreak (New PAGEOV = 0) 

and not rr case) 


Note: - Trap BEX and traps 0011-0017 are Branch to Next Macro-related traps. 


2.2.3 Traps 


Traps, interrupts to the CP micro-program, are caused by conditions not 
initiated within the CP. (Refer to TABLE 2A.) CP micro-trap conditions can 
@ occur due to process, memory, branch field operations, or external 


conditions. When a trap condition is detected, the hardware forces « branch 
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Lo a specific Control Memory address, determined by the type of trap, for 
execution of a routine intended to take action in response to the condition 
causing the trap. All micro-traps branch to locations in the Control Memory 
RAM. Return addresses can be saved, when necessary, with a micro-routine that 
follows the trap handling routine, so that execution of a program in progress 
prior to the trap can resume. Traps are first loaded into the Trap Latch for 
Servicing. The trap will be prioritized to produce a specific Control Memory 
address of the trap handling routine for the Branch Multiplexer. The address 
from the Branch Multiplexer will be sent to the Next Address Multiplexer for 
loading into the Control Memory Address Latch and the trap routine will begin 


execution. The Instruction Address Counter is also loaded with this current 


address and increment :d by one. 


2.2.4 Branching 


Three formats of branching are available to the VS-100: full address, 
conditional, and status setting. Al} are dependent on the state of the 
current micro-instruction branch field. The branch field logic decodes the 
current micro-instruction branch field, CM bits 30-33. The Branch Multiplexer 
(using CM bits 34-47 and other inputs to determine a branch address) loads the 
address into the Next Address Multiplexer. The NAMX might also contain the 


contents of the Instruction Counter (used for status setting and certain types 
of branching). 


The address is loaded from NAMX into the Control Memory Address Latch for 
instruction execution. The Instruction Counter is also loaded with the 
address from NAMX and incremented by one. This logic operates much the same 
as trap logic as far as sequencing is concerned. The branch logic also allows 
nesting of branch routines to a depth of 16 when certain branch conditions 


require current or next micro-instruction addresses to be saved. 


2.2.5 Clock Generation And Control 


The VS-100 Master Clock is generated by a 50 Mhz oscillator and is then 
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divided by two. The clock produces two strings of 40 nanosecond master timing 
pulses, L times (La-L8) and t times (ta-t8). The t times are activated by the 
free running L times and are delayed 20 nanoseconds from the L times. A dif- 
ferent number of L and t time clocks occur for each micro-instruction 
execution. The instruction length time period is synchronously controlled by 
a binary counter. This counter is counted up from 0 to 2 and then loaded with 
the results of the decoding of CM bits 0-6. CM0O-6 determines the type of 
instruction to be executed. The counter then resumes count from this new 
value. When the counter reaches a count of 15 (F) this signals the end of the 


instruction length. The counter is reset and the L sequence begins again. 


The master clock is distribited to the A and B Bus for generation of their 
own L and t times in synchronization with the CM card. Gating signals GT1 and 
GT2 will reset the t time clocks on the CM, A Bus, and B Bus, to halt program 
execution upon occurrence of certain conditions such as Cache miss, halt, and 


the run/step maintenance switch. 


The clock margin control logic varies the L time and t time clock 
frequencies within 10% of the standard frecuency. Micro-instructions are 
available to increase or decrease the clock speed, or to reset the clock speed 
to normal. The use of these micro-instru2tions is for detecting marginal 


hardware problems and not for system performance acceleration. 


2.3 VS-100 CENTRAL PROCESSOR 


The Central Processor (also known as CP4) is the heart of the VS-100 
system. The primary task of the Central Processor is to execute the machine 
instruction set and monitor the results of execution. The CP contains 
facilities for addressing physical Main Memory, fetching and storing 
information, arithmetic and logical processing of data, sequencing 
instructions in the desired order, and initiating communication between Main 
Memory and external devices. The Central Processor is composed of two cards, 


the A Bus and the B Bus, with each card containing many standard and unique 
logical elements. 
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2.4 VS-100 A BUS 


The VS-100 A Bus (Figure 2-3) contains all A Bus registers and 


multiplexers, the status register, multiplier, stack, and program clock. 
2.4.1 C Bus Main Memory Multiplexer (CBMMX) 


The CBMMX, 32 bits wide, receives C Bus data (CBO-31) from the B Bus card, 
or Main Memory data (MMO-31). The C Bus inputs are selected by default (no 
Main Memory read) while the Main Memory data inputs are selected when Main 
Memory is being read. The data can be transfered to four possible receiving 


elements: Memory Data Registers 2, 3 or, 4, or Multiplier Buffer Storage 1. 
2.4.2 Memory Data Registers 2 And 3, And Rotating Multiplexer 


The three memory data registers (MDR 2, 3, And 4) are also 32 bits wide. 
& MDR 2 and 3, in conjunction with Memory Address Register 1, provide buffered 
read access cof four non-aligned bytes for storage to storage operations. MDR2 
is also used for general memory operations. Output data (from MDR2 or MDR3) 
is sent to the Rotating Multiplexer. Two Control Memory bits and three MAR1 
address bits determine which data bytes (a maximum of 4) from the available 
four data bytes will be sent to the Rotating Multiplexer. Whether MDR2 or 


MDR3 is selected depends upon gating developed on the Cache card from decoded 
memory commands. 


The Rotating Multiplexer (RMUX) is 32 bits wide and has the ability to 
shift the four bytes of a word to suit the requirements of the particular 
instruction being executed. For example, the Switch 16 instruction requires 
that the high and low halfwords be reversed. The RMUX input data can come 
from either MDR2 or MDR3. The 32 bits of output data are Or'd with the Shift 
Register output data and forwarded to the A Multiplexer. The RMUX function 
select process is used in conjunction with MDR2/MDR3 Byte Selection. Byte 


selection determines whether one byte or all bytes of MDR2 or MDR3 are sent to 


the RMUX. The RMUX function select logic determines in what order the bytes 


are to be transmitted on the RMUX output lines. 
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2.4.3 Memory Data Register 4, Data Buffer, Work Multiplexers/ 
Registers, And Shift Register 


Memory Data Register 4 (MDR4), a 32-bit register, along with Memory 
Address Register 2 is available as a general purpose register for memory data, 
and Interprocessor Communications data. It is the data output path to Main 
Memory. Input data comes from the CBMMX and is transfered out by gating 
developed on the Cache card from decoded memory commands. The output is 
forwarded to the Data Buffer (DTBF), Memory Register 4 Buffer (M4BF), and 
Multiplier Buffer Storage 2 (MBS2). 


The 64-bit Data Buffer (DTBF) receives 32 input bits from MDR4 and 
transfers 32 bits, as WD0-31, to Main Memory via the System Bus Controller. 
The remaining 32 bits (identical to WDO-31) are used for the CP Tester 
Interface. 

Memory Register 4 Buffer (M4BF) is a buffer between MDR4 and the Shift 


Register. The buffer is controlled by several process field A Bus operations. 


The Work 1 and Work 2 Multiplexers (WMX]1 and WMX2) are each 16 bits wide. 
WMX1 selects bits 16-31 from either the C Bus or the Multiplier for delivery 
to Work 1 or Work 2 Registers. The C Bus input is selected by a multiply 
operation decoded from an instruction memory operation field. The outputs are 
enabled by not performing a Store Counter or Store Comparator operation. WMX2 
multiplexer selects bits 0-15 from either the C Bus or the Multiplier for 
delivery to Work 1 or Work 2 Registurs. WMX2 is identical in operation and 
2ontrols to WMX1. 


The Work 1 and Work 2 Registers (WK1-A and WK2-A) are both 32-bit 
registers. They are used for gating data from WMX1 and WMX2 to the Shift 
Register. Both car: also transfer the Program Clock outputs to the Shift 
Register as data bits 0-15 or 16-31. The outputs are controlled by Work 1 and 
Work 2 A Bus operands. 
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The 32-bit Shift Register operates in three shift modes; shift 1 bit 
right, shift 4 bits right, or shift 4 bits left. For all other functions, the 
input datz (from MDR4Y, WK1l, or WK2) is gated directly through. The 32-bit 
output is forwarded to the A Multiplexer. Channel selection for the shift 


register is accomplished using the Shift instruction group. 


2.4.4 Multiplier 


Multiplier Buffered Storage 1 (MBS1) and Multiplier Buffered Storage 2 
(MBS2) are 32 and 16-bit storage buffers for the Multiplier. MBS] input data 
comes from the CBMMX. MBS2 input data comes from MDR4¥, and MBS2 forwards 16 
of the 32 input bits to the Multiplier. Output of both MBS1 and MBS2 are 


controlled by the memory field translation and ripple operations. 


The Mu”. »lier consists of 4 high-speed 8 X 8 multiplier chips which 
multiply two 16-bit operands to form a 32-bit output result. The Multiplier 
inputs are from MBS] and MBS2. The outputs, after passing thru a 4-bit binary 
full-adder, are forwarded to WMX1. 


2.4.5 <A Bus Multiplexer 


The 32-bit A Bus Multiplexer (AMX) collects data from several sources. It 
receives its high order 24 input bits from the Stack, or from an Or'd 
combination of RMUX and the Shift Register. The low order 8 input bits are 
from five possible sources: Stack bits 24-31, RMUX bits 24-31, Shift Register 
bits 24-31, B Bus Indirect Register bits 0-7, or Control Memory bits 5-12. 
Output data, ABO-31, is used at the Binary Arithmetic Logic Unit (BALU) and 
the Decimal Arithmetic Logic Unit (DALU). 


2.4.6 CP Stack 


The CP Stack, a local RAM storage area, is configured as 256 32-bit 
registers logically divided into two halves of 128 32-bit registers. The 
first half of the Stack is again divided into two banks of 64 32 bit 
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registers, containing general regisbene used for address calculation and 
accumulation of fixed point arithmetic or logical operations, and floating 
point :egisters used for floating point arithmetic operations. Other 
registers in the Stack include file and auxiliary registers used as temporary 
storage areas for micro-program functions, and control registers used to store 
Program Control Word (PCW) trap addresses and the time of day. The second 
half of the Stack is used for Translation RAM (T-RAM) monitoring. (Refer to 
paragraph 2.5.10, the T-RAM.) 


The unit of access from the Stack is always 32 bits (one word). Since the 
Stack access time is significant compared to the total micro-instruction cycle 
time, only one Stack access is performed within a micro-instruction. The 
Stack can be addressed using A Bus operands (read only access) or C Bus 
operands (read and write access). The Stack is addressed using 8 bits figde i 
of some of the following: Bank Select Status bit, Control Memory bits 8-12 
(for A Bus selection), Control Memory bits 17-21 (for C Bus selection), 


Indirect Register bits 0-7, and Current Halfword bits 0-3. 


The A Bus Operand Multiplexer, in the Stack Address General Logic block, 
selects and delivers the appropriate A Bus operand Stack address value to the 
Stack via the A/B operand Stack Address Multiplexer. The multiplexer has 8 
inputs, one of which can be selected according to the value of Control Memory 
bits 7,10, and 11. Control Memory bit 7 specifies direct Stack access. Stack 
write operations are not allowed with A Bus operands (read operations only). 


Channel 4 of the multiplexer is selected for access to the Operating System 


File Registers. 


The C Bus Operand Multiplier, in the Stack Address General Logic block, 
selects and delivers the appropriate C BUS operand Stack address value to the 
Stack via the A/B operand Stack Address Multiplexer. The multiplexer has 4 
inputs, any one of which can be selected according to the value of Control 
Memory bits 16, 19, and 20. Control Memory bit 16 allows direct Stack access 
and also write enables the Stack. Channel 3 of the multiplexer is selected 


for access to the Operating System File Registers. 


2-12 


VI.A.2.M-0 


The Stack Address Multiplexer (STKMX) is also part of the Stack Address 
General Logic. It is used to gate either the A Bus operand or C Bus operand 
address to the Stack address lines. The multiplexer is always output enabled 


and A or B half selection depends on the value of Stack Load, decoded from 
Control Memory bits 16-18. 


2.4.7 CP Status Register 


The CP maintains a 32-bit status register whose contents are designated SO 
through S31. The status bits are described in four 4-bit and two 8-bit groups 
as follows: Loop Control, MARO Status, Decode, Indirect Register, Bank 
Select/MAR2 Translation, and Process Field/ Miscellaneous. (Refer to TABLE 
2B.) The Loop Control status bit group contains the most frequently used 
status bits. Only status bits SO-S15 can be directly accessed for conditional 
branch operations. For Status Setting operations, the A and B status bit 
select fields of the Status Setting portion of the branch field format can 

@ indicate any one of the 32 status bits. Control Memory bit 39 indicates A bit 
usage or A bit inverse usage. (The CP Assembler supports A bit inverse usage 
through the SSI mnemonic.) The bit operations are indicated by Status 

Operation Control Memory bits 40-41. The B bit is updated with the resultant 
bit value. The Control Memory bit 40-41 assignments are Move, And, Or, and 


Xor. (Refer to Appendix E for a complete list of the CP status bits). 


TABLE 2B VS-100 STATUS BIT GROUPS 


GROUP NAME STATUS BITS 
Loop Control | SO-S3 


MARO Status 


© 2.4.8 Program Clock 


The CP supports a 64-bit program clock and comparator at the macro-level. 
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The hardware provides a 16-bit counter and a 16-bit comparator. These 16 bits 
correspond to the low order 16 bits of the macro-level registers. There are 
four CP status bits (CS1-4) associated with clock operations. A Continous 
Counter (CCNT) increments once every 500 nanoseconds and when a carry out at 
the high order bit of the counter occurs, the hardware will set a Counter 
Overflow status bit. The Continous Comparator (CCMP) is enabled ty a Compare 
Enable status bit. The counter is compared against the comparator for every 
counter increment. If the counter value is greater than or equal to the 


comparator, the Clock Interrupt Request status bit is set. 


Clock related micro-instructions are available to set the counter to zero, 
store the counter (in WK1-A and WK2-A registers), load the comparator, and 
store the comparator. The CP can move the counter contents (process field) 


and counter overflow bit (branch field) within one micro-instruction. 


There are 2 ciock micro-traps related to the clock status bits. These 
traps can occur only within the Branch to Next micro-instruction. The Clock 
Maintenance micro-trap (BCKLM) is taken when the Continous Counter overflows. 
This micro-trap is used to propagate the carry-out from the hardware counter 
into the high order 48 bits of the macro-level clock. The Clock Interrupt 
micro-trap (BCKLI) is taken when both the Clock Interrupt Request and the 
Clock Interrupt Enable status bits are set. This micro-trap is used to 


determine Clock Interrupts at the macro-level. 


2.5 VS-100 B BUS 


The VS-100 B Bus (Figure 2-4) contains all B Bus registers, buffers and 
multiplexers and the translation RAM, binary ALU, and decimal ALU. 


2.5.1 C Bus Main Memory Multiplexer (CBMMX) 
The CBMMX, 32 bits wide, receives either Main Memory data (MMO-31), or C 


Bus data (CBO-31) for the B Bus. The Main Memory data inputs are selected 


when Main Memory is being read and the C Bus inputs are selected by default 
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(no Main Memory read). The data can be transfered to three possible receiving 


elements, Memory Data Register 0, 1, or 4B. 
2.5.2 Memory Data Registers 0, 1, And 4B, And Current Halfword Buffer 


Memory Data Register 0 and 1 (MDRO and MDR1), both 32-bit registers, are 
dedicated to accessing halfwords from the macro-instruction stream to provide 
overlapped macro-instruction fetching. Input is Main Memory data from the C 
Bus Main Memory Multiplexer. Whether MDRO or MDR1 is selected depends upon 
the decoding of process field C Bus destination operands and gating developed 


on the Cache card from memory commands. 


Multiplexed access of the 16-bit Current Halfword from MDRO or MDR1 is 
controlled by Virtual Memory Address Register bits 21-22 passed through the 
Control Memory Address Buffer (RABF) to the Current Halfword selector. The 
Current Halfword (CHO-15) is then forwarded to the B Bus Multiplexer. Also, 
the high order byte of the Current Halfword will be sent to the Current 
Halfword Buffer. 


The 32-bit Memory Data Register 4B (MDRUB buffered) is a buffer between 
input data from the CBMMX and the output data to the B Bus Multiplexer. The 
register is selected by decoding of process field C Bus destination operands 


and by gating develoved on the Cache card from memory commands. The register 
output is always enabled. 


The 8-bit Current Halfword Buffer (CHBF) accepts the high order byte from 
MDRO or MDR1 as the CH (Current Halfword). The buffer is always enabled and 
outputs the data (an address or index for a Branch to Next macro-instruction) 


as BCHO-7 to the Branch Multiplexer and Same Address Multiplexer on Control 
Memory. 


2.5.3 Work Registers, Indirect Counter, And Indirect Register 


The input data to the 32-bit general Work Registers 1 And 2 (WK1 And WK2) 
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is from the C Bus Multiplexer (CBO-31). Whether WK1 or WK2 is selected 
depends upon the decoding of process field C Bus destination operands. Access 
to the 32-bit word from WK1l or WK2 is controlled by process field B Bus 


operand selection and the output data is sent the B Bus Multiplexer. 


The 8-bit Indirect Register Multiplexer (IREG MUX) input comes from MDRO 
or MDR1 via the Current Halfword Buffer as CH8-15, or from the C Bus as 
CB24-31. A Branch to Next or Branch to Next (Execute) macro-instruction 
selects the CH8-15 inputs for the Current Halfword. All other instructions 


select the CB24-31 inputs. The outputs go to the Indirect Register Counter. 


The 8-bit binary Indirect Register Counter (IREG Counter) input data comes 
from the IREG Multiplexer. The counter is disabled during a Branch to Next or 
Branch to Next (Execute) instruction, or Indirect Registe” Load instruction, 
and will cause the outputs to equal the inputs. During a Move And Increment 


IREG instruction (move A bus operands or B Bus operands to C Bus) the counter 


is up-counted. A Move And Decrement IREG instruction will cause the counter 
to be down-counted. Outputs go to the Indirect Register and the A Bus Stack 
Addressing logic as IRO-7, and to the B Bus Multiplexer as IR4-7. 


The 8-bit Indirect Register (IREG) is a work register used for indirect 
Stack addressing. Input data comes from the IREG counter and output data goes 


to the B Bus Multiplexer. The only control for the IREG is the process field 
B Bus IREG operand. 


2.5.4 B Bus Multiplexer 


The 32-bit B Bus Multiplexer (BMX) collects data from several sources, 
including WK1, WK2, IREG and IREG Counter, Address Multiplexer (MGO-31), 
MDRO-1, or MDR4-B. Outpus data, BBO-31, is used at the Binary Arithmetic 
Logic Unit (BALU) and the Decimal Arithmetic Logic Unit (DALU). 
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2.5.5 Binary Arithmetic Logic Unit, Decimal Arithmetic Logic Unit, 
And C Bus Multiplexer 


The Binary ALU (BALU) consists of eight 4-bit high speed parallel 
arithmetic logic units. Each ALU has a complexity of 75 equivalent gates per 
chip. The eight chips are cascaded to allow 32 bits (one word) of data to be 
acted upon as a whole. Controlled by four function Select inputs and a Mode 
control input, it can perform 16 possible logic operations or 16 different 
arithmetic operations. The Mode control input will determine whether all 
internal carries are inhibited and the device performs logic operations (Or, 
Nor, Exclusive Or, And, Nand, or Compare) on the individual bits, or whether 
the carries are enabled and the device performs arithmetic operations (Add, 
Subtract, Compare, or Double) on the two 4-bit words. BALU operations, 


Whether logical or arithmetic, are completed within one system clock period. 


The Decimal ALU (DALU) consists of eight 4-bit high speed binary coded 
decimal (BCD) arithmetic units. The eight chips are cascaded to allow 32 bits 
(one word) to be acted upon as a whole. Depending on the state of the Add/ 
Subtract control, the unit produces the BCD sum or difference of two decimal 
numbers. A decimal addition is performed by adding the A Bus to the B Bus and 
placing the results on the C Bus. A decimal subtract operation (B minus A) is 
performed by internally adding the 9's complement of the A Bus to the B Bus 


and placing the result on the C Bus. ALU operations are completed within one 
system clock period. 


The 32-bit C Bus Multiplexer (CMX) receives data from either the Decimal 
Arithmetic Logic Unit or the Binary Arithmetic Logic Unit for transmission on 
the C Bus as CBO-31. The DALU is selected for output during any of the four 
decimal instructions. Otherwise, the output will be from the BALU. C Bus 
data is used at the C Bus Main Memory Multiplexer, Program Mask Register, work 
1 And 2 Registers, Stack, Indirect Register Multiplexer, Virtual Memory 
Address Register, T-RAM Address Latch, and Memory Address Multiplexer. 
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2.5.6 Program Mask Register And Virtual Memory Address Register 


The 8-bit Program Mask Register (PMR) is dedicated to part of the Linkword 
macro and is used with Linkword as a B Bus operand for Arithmetic Logic Unit 
input. The C Bus (CBO~7) is used as input to the PMR when the PMR is 
accessed, along with the Virtual Memory Address Register, during Move 
operations. Together PMR and VMAR compose the Linkword. CBO-7 is also used 
as data input to the PMR during a Write Control Memory operation. The CM RAM 
address (CB18-31) is set into the Virtual Memory Address Register and then 
forwarded to the Control Memory Address Buffer to become RA0-13. CBO-7 is 
moved from the PMR as data to be written and is sent on to Control Memory as 


RDO-7. Program Mask Register bits 0 And 1 are used with Condition Code 
instructions. 


The 24-bit Virtual Memory Address Register (VMAR) is dedicated to Virtual 
¢ Addresses of current halfwords in the macro-instruction stream. Input to the 
VMAR comes from the C Bus as CB8-31. Used as a B Bus operand source for 
Arithmetic Logic Unit input, VMAR outputs go to the Address Multiplexer for 
transfer to the B Bus and ALUs. 


As a C Bus operand destination register, VMAR outputs are sent to the 
T-RAM as a Page Frame number entry or to the Control Memory Address Buffer as 
addresses. These addresses, in conjunction with data from the Program Mask 


Register, will be used when writing Control Memory. 


VMAR can be incremented by two to allow the next halfword to become 
current. There are several micro-instructions which use the current halfword 
as an Arithmetic Logic Unit input or as the input for a multiway branch. VMAR 


incremented by two occurs during a Branch to Next or Branch to Next (Execute) 


micro-instruction. 
2.5.7 Control Memory Address Buffer And Control Memory Data Buffer 


The 14-bit Control Memory Address Buffer (RABF) will gate 14 bits of 
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address (VMAR10-19 and CB28-31) from the Virtual Memory Address Register to 


the Control Memory as RAO-13 for a Write Control Memory instruction. 


The one-byte Control Memory Data Buffer (RDBF) transfers data as RDO-7 
between the Program Mask Register and the Control Memory. The buffer is 


enabled during a Write Control Memory instruction. 


2.5.8 Memory Operation Overviews, Memory Address Multiplexer, 


And Memory Address Registers 0, 1, And 2 


General Memory Operations Overview 


The CP can initiate only one memory read or write operation for each 
micro-instruction. CP memory read or write requests rely on a physical 
address contained in a Memory Address Register (MAR) and data contained in a 
Memory Data Register (MDR). There are three MARS (MAR1, MAR2, and MAR3) and 
five MDRs (MDRO, MDR1, MDR2, MDR3, and MDR4). The memory operation field 
(MOP) of the micro-instruction will select a Memory Address Register and 
indicate the type of read/write operation, address translation operation, or 
address ripple operation. Translation, changing virtual memory addresses into 
physical memory addresses, and Ripple, incrementing or decrementing a MAR 


value, are mutually exclusive. 


A Word Alignment feature is used with MAR2 doubleword writes and 
translation operations if the virtual addresses are not word aligned. There 
are three micro-trap locations for address translation and three micro-trap 
locations for word alignment. An address translation trap has priority over a 
word alignment trap. (Refer to TABLE 2A, VS-100 TRAP ADDRESSES. ) 


Read and Write Overview 
The read operation uses the selected Memory Address Register contents at 


the start of the micro-instruction. The CP must wait for the data to be 


returiued before restming micro-instruction execution. Error returns for read 
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operations are handled by micro-traps during the micro-instruction. Buffered 
read memory support is provided for MARO and for MAR1 by having 2 MDRs 
associated with one MAR. The MDs receive either the even or odd addressed 
word when a buffered read operation is performed. The write operation uses 
MAR2 and MDR4Y contents at the start of the micro-instruction. The CP can 
continue program execution without waiting for memory operation completion. 
Asynchronous error returns for write operations are handled through the 


External Condition Register on the System Bus Controller. 


Translation Overview 


When a translation operation changing virtual memory addresses into 
physical memory addresses is performed, no memory read or write operations are 
allowed. The translation is coded by specifying a No Op in the memory 
operation portion of the memory operation field and a translation operation in 


the translation/ripple field of the MOP. The Translation RAM, after 


translating the virtual address, supplies the physical addresses for the three 
Memory Address Registers. The Memory Address Register select field indicates 
the destination MAR of the physical address. MARO, MARI, and MAR2 support 


read translations while MAR2 supports read and write translations. 


Ripple Overview 


The Memory Address Register ripple operation involves a small increment or 
decrement of the MAR value. All three Memory Address Registers support ripple 
operations. The ripple operation is specified by the Translation/Ripple 
portion (CM27-29) of the memory operation field format. The ripple operation 
for the MARS only affects the low order 12 bits of the MAR value and any carry 
or borrow beyond 12 bits is lost. If a memory read or write operation is also 
requested, then the ripple occurs after the memory operation has been 
initiated. A ripple operation always involves a corresponding Page bit to 
indicate that the MAR address has or has not crossed a 2K memory page 


& boundry. If the 2K boundry has been crossed, a new address must be supplied. 


2-2) 


VI.A.2.M-0 


The 32-bit Memory Address Multiplexer (MAMX) supplies data to the Memory 
Address Registers from either the Translation RAM and the Translation Address 
Latch (as a Page Frame number and a location within the page) for Translation 


operations, or from the C Bus (CBO-31) for read or write operations. 


Memory Address Registers 0, 1, And 2 


The CP uses the three Memory Address Registers (MARS) with the five Memory 
Data Registers (MDRs), grouped as follows: 


The 24-bit Memory Address Register 0 (MARO), with MDRO and MDR1, is 
dedicated to accessing halfwords from the macro-instruction stream. The 
buffered MDRs provide overlapped macro-instruction fetching. Only three 
memory operations affect MARO. A Read Translation operation with halfword 
alignment check is used when a new physical address is required for current 


halfword access because a Branch micro causes a new virtual address to be 


used. The address is a Page Frame number and location within the page. 

A Buffered Read operation follows a Read Translation and uses that physical 
address now in MARO to point to the data in memory to be read into MDRO or 
MDR1. After the operation has been initiated, a count of four will be added 
to the contents of MARO. (MARO will be rippled plus four.) 


A Word Conditional Read operation allows prefetching of the next word in 
the macro-instruction stream. The condition is that neither MDRO or MDR1 is 
full. The word addressed by MARO will again be read into MDRO or MDR1 and 
MARO will be rippled plus four. 


The 32-bit Memory Address Register 1 (MAR1), with MDR2 and MDR3, provides 
read only access for Main Memory operands. Several memory read operations, 
including byte, word, word conditional, and miltieondi eional reads, are 
supported by MAR1L. A byte read will cause data to be placed in the low order 
byte position of MDR2 with the three high order byte positions of MDR2 set to 
zero. Data from a word read will also be placed in MDR2. A word conditional 


read places the word into MDR2 or MDR3 with the condition that the new MAR 
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address be within the same 2K memory area (Page 1) as the initial MAR 

address. If the MAR address is not within the same 2K memory area, a Page 
boundary has been crossed and a new virtual address must be supplied. No read 
or ripple will be performed. A multi-conditional read also places the word 
into MDR2 or MDR3, again depending on the 2K memory area plus the state of the 
two low order bits of MAR1. MAR1 supports plus one or four ripples, or minus 


one or four ripples, as indicated by the memory operation field, for 


conditional and multi-conditional reads. 


The 32-bit Memory Address Register 2 (MAR2), with MDRY, is available for 
general, non-buffered read and write access of Main Memory. MAR2 supports 
byte, word, byte conditional, and word conditional reads as well as byte and 
word writes. All data is read into and written fron MDRY. A byte read will 
cause the data to be placed in the low order byte position of MDR4 with the 
three high order byte positions of MDR4 set to zero. The byte and word 
conditional reads are the same as MAR] except that the 2K memory area is Page 
2. If the MAR address is not within the same 2K memory area, a Page boundry 
has been crossed and a new virtual address must be supplied. No read or 
ripple will be performed. MAR2 supports plus one or four ripples, or minus 
one or four ripples, as indicated by the memory operation field for 
conditional reads. A byte write (Read Modified Write) uses the data in low 
order byte position of MDR4¥. For a word write operation, the internal 
counters of MAR2 are disabled. MAR2 then operates as a straight forward gate 


by allowing its outputs to follow its inputs when the register receives a 


clock pulse. 
2.5.9 Address Multiplexer and Memory Address Latch 


The 32-bit Address Multiplexer (ADMX) receives input from the Program Mask 
Register and Virtual Memory Address Multiplexer, or from one of the three 
Memory Address Registers. ADMX input selection is based on the micro- 
instruction process field B-Bus operand for input from PRM and VMAR, and the 
MAR-select portion of the memory operation field for inputs from the Memory 


Address Registers. The Address Multiplexer output is sent to the B Bus 
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Multiplexer for input to the Arithmetic Logic Units, or to the Memory Address 
Latch as Main Memory addresses. 


The 24-bit Memory Address Latch (MAL) consists of three eight bit latches 
with the outputs always enabled. Input is from the Address Multiplexer and 


output is transfered to the Cache as Main Memory addresses, MAO-23. 


2.5.10 Translation RAM Address Latch, Translation RAM, Reference/ 
Change Table, And Translation RAM Multiplexer 


The input to the 24-bit Translation RAM Address Latch (TAL) is 13 bits 
(CB8-20) of the virtual address from the C Bus (C Bus micro-code operation 
output), of which 12 bits are used to address a Page Frame in the Translation 
RAM. The TAL also forwards the 11 low order bits (CB21-31) of the virtual 
address to the Memory Address Multiplexer as the location within the page. 
The TAL outputs will be available for the Translation instruction group and © 


two micro-instructions (MVN and MVX) from the Move instruction group. 


Translation RAM 


The physical Main Memory storage capacity of the VS-100 is currently 
limited to 2 Megabytes. Because the VS-100 uses Virtual Memory techniques, 
Main Memory can be made to appear much larger. The translation of virtual 
(disk) addresses to physical (Main Memory) addresses is performed by the CP. 
Three elements recognized by the Operating System during translations are 


segments, pages, and page frames. 


A segment is a block of contiguous disk storage. There are three types of 
segments. The first type (Segment 0) is 512K bytes containing supervisory 
routines and data for the Operation System. The second type (Segment 1) is 
512K bytes for each user program. The third type (Segment 2) is 4K to 512K 
bytes (in 4K increments) for each users data. A page is 2K of contiguous 


bytes of disk storage space within the user program or data segments, and a 


page frame is a Main Memory area exactly large enough to contain a disk page. 
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Sinee the system is intended to operate in a multi-task, multi-user 
environment, it is necessary to have a mapping mechanism to direct the CP to 
the pages of the tasks being executed. The CP uses a 4K x 16-bit local 
Translation RAM (T-RAM) to perform the mapping (translation) of a 24-bit 
virtual memory address into its current corresponding 24-bit physical Main 
Memory address. Each T-RAM entry (a C Bus operand destination from the 
Virtual Memory Address Register) contains a 13-bit page frame number, a fault 
bit, and read and write protect bits. These correspond to a particular page 
within the total virtual address space. The Translation operation addresses 
the T-RAM entry using the 12 bits (TRAO-11), or 4K, of uhe virtual address (C 


Bus micro-code operation output) from the Translation RAM Address Latch. 


Reading and writing the RAM is controlled by the Load T-RAM instruction. 
The 13-bit page frame number read from the T-RAM is concatenated with the low 
order 11 bits of the virtual address (location within the page) from the 
& Translation Address Latch at the Memory Address multiplexer to create the 
24—bit physical Main Memory address. If the operation traps on an invalid 
virtual address (fault), the micro-instruction can be restarted if the T-RAM 
entry can be updated; otherwise, a page fault interrupt is generated. A trap 


will also be taken if the page is protected against being read or over-written. 


The T-RAM can be monitored to provide rapid clearing of T-RAM entries for 
a user whose time slice has expired, while allowing entries for other users to 
remain. Monitoring occurs by segment and is based on a flag bit associated 
with the segment. The current users entries in the T-RAM are faulted when a 
different virtual address space is to be accessed. The CP will store these 
virtual addresses in the second half of the CP Stack when servicing a T-RAM 
fault. The CP micro-program maintains a counter of the monitored entries. 
The Stack is read one word at a time to get the virtual address for clearing 


each T-RAM entry when that users time slice has expired. 


The CP maintains a table for each page frame entry in the T-RAM to record 
© a reference bit, indicating a page was recently used, and a change bit 


indicating the contents of page were modified. An 8K by 2-bit Reference And 
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Change Table (RCT) RAM is responsible for maintaining the table. The 
reference bits tell the operating system what pages have not been used 
recently and could be written over with new pages. The change bit allows the 
operating system to determine what pages have been modified and should be 
written back onto disk to make room in memory for new pages. These two R and 
C bits (M2BI and M2HI) are updated to reflect the page frame status during 
each MOP translation process. Addressing the RCT is done by using the Page 
Frame Number from the T-RAM entry. An entry can be cleared or inspected by 


micro-instructions. 


The 13-bit Translation RAM Multiplexer (TRMUX) normally passes the 
selected T-RAM entry to the Memory Address Multiplexer. However, if the 
selected entry should be faulted indicating that it is invalid, then the 
virtual address from the T-RAM Address Latch used for addressing the T-RAM is 
routed directly to the Memory Address Multiplexer by the TRMUX. 


2.6 VS-100 MAIN MEMORY 


The VS-100 Main Memory (Figure 2-5) consists of up to eight memory cards 
(modules) with each card containing 64K words or 256K bytes. A minimum of two 
cards are required. Each memory card is logically divided into four groups of 
16k words. The memory uses the Mostek 16K (16,384) x 1 bit Dynamic RAM chip. 
Toval maximum memory capacity is 2 Megabytes at present although, when 64K RAM 
chips become more readily available, total capacity will increase to 8 


Megabytes. Addressing is already available for accessing this potential 8 
Megabytes. 


2.6.1 Control Signals 


Main memory control signals are generated on the SBC (System Bus 
Controller) portion of the Cache card due to the physical limitations of the 
SBC card. (Refer to paragraph 2.8.8, Main Memory Control.) They are RAS (Row 
Address Strobe), CAS (Column Address Strobe), CEN (Column Enable), R/W 
(Read/Write), two WPs (Write Pulses), MS1-4 (Module Select #), and REF 


(Refresh). The Main Memory cycle runs synchronously with the SBC cycle. 
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2.6.2 Memory Write And Read 


cP or Bus Adapter data transfer to and from the memory is controlled by 
the SBC. The basic memory data word is 32 bits with a 7 bit ECC (Error 
Correction Code) field. Write operations allow any card to be accessed 
seperately for word writes, or in pairs for doubleword writes. The SBC can 
align units of 1, 2, 4, or 8 bytes, but only words or doublewords can be 
written. All read operations cause a doubleword (8 bytes or 64 bits) to be 
accessed with the first card (0) containing the even addressed word, and the 
second card (1) containing the odd addressed word. Hence, the necessity of a 


minimum configuration two cards. 


For a memory write operation, the even word of data (MMWD0-31) and parity 
(WPHO-6), and/or the odd word of data (MMWD32-63) and parity (WPLO-6) from the 
SBC will be written into the RAM by the WP (Write Pulse) as long as R/W 
(Read/Write), CAS (Column Address Strobe), and RAS (Row Address Strobe) are 
active. Row and column addresses are available coincident with RAS and CAS. 
WP is generated on the Cache for the odd and/or even word cards. This allows a 
single word write without having to encode an address to distinguish between 
cards in a pair. When the Check ECC (Error Correction Code) diagnostic 
feature is active, all data RAMs will be disabled and writing will only be 
allowed into the parity RAMs. 


For a memory read operation, the even word of data (MMRDO-31) and parity 
(RPHO-6), and the odd word of data (MMRD32-63) and parity (RPLO-6) will be 
read from the RAM and transfered to the SBC, when the Column Address Strobe is 
active, as long as Read/Write remains inactive. Again, row and column 


addresses are available coincident with RAS and CAS. 


2.6.3 Addressing 


Memory addresses are supplied by the CP or the BA. Of the 24 address bits 
available (BMARO-23), (Refer to TABLE 2C) only sixteen (BMAR5-20) are used at 
the memory card. BMARO-2, the high order bits, will not be used until 64K RAM 
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chips are installed. BMAR3-4 are decoded on the Cache into card pair 
selection (Module Select #). BMAR5 and BMAR6 directs the Row Address Strobe 
to each group of 16K words as long as the Module Select (MS#) for that pair of 


cards is active. 


Fourteen address bits (BMAR7-20) are required to decode one of the 16k 
memory locations. The seven row addresses (BMAR7-13) are latched into the 
RAM's internal row address decoder by the Row Address Strobe. The seven 
column addresses (BMAR14-20) are selected by CEN (Column Enable). These 
addresses are then latched into the RAM's internal column address decoder by 
the Column Address Strobe. The RAM does not use the low order column address 
bit (BMAR20) for column decoding. It is used for internal data bus 
selection. BMAR21-23 are not used because the lowest accessable addressed 


unit is eight bytes (two words). 
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2.6.4 Refresh 


Because a dynamic RAM will not store data indefinitely, the data must be 
written back at least once every two milliseconds. Rewriting the RAM is done 
internally and is called "refresh". The VS-100 will refresh every 15 


microseconds. This operation has priority over all other memory operations. 


When a refresh cycle (REF) is initiated, RAS (Row Address Strobe) will be 
enabled for all RAMs, as they require refresh with only RAS cycles. Row 
refresh addresses (BMA6-13) are supplied by the SBC portion of the Cache. All 
CAS inputs will be disabled by the refresh. Normal memory operations also 


accomplish refresh. 
2.7 VS-100 SYSTEM BUS CONTROLLER 


The System Bus Controller (SBC) (Figure 2-6) provides a 64-bit data path @ 


between the Cache Memory, Main Memory, and the Bus Adapter(s), and acts as a 


data "traffic cop". It directs a doubleword of data read from Main Memory to 
the Cache Memory, or to the Bus Adapter with alignment of any one of four 
single bytes of one word for the CP; directs and aligns units of 1, 2, 4, or 8 
bytes of data to be written to memory from the CP or BA; and directs IPC 


(Interprocessor Communications) data between the CP and BA. 


The SBC is responsible for correcting a single bit memory error for each 
32-bit word of the doubleword that is read, notifying the Control Memory or BA 
if multi-bit read errors occur, and generating parity for a Main Memory 
write. It logs parity errors in the BTL (Bus Transaction Log), and controls 


and records "external" events using the ECR (External Condition Register). 
2.7.1 Data Error Correction 


Both the CP and the BA are responsible for generating their own individual 


memory requests. When a memory read operation is initiated, a doubleword will & 


be transfered to the S.B.C from memory and the SBC will attempt to correct a 
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Single bit error for each 32-bit word of the doubleword. This is done by 
circulating the doubleword (MMRDO-63) and parity bits (RPH/LO-6) through ECC 
(Error Correction Code) circuitry. If a bad bit is detected by data and 


parity bit comparison, it will be corrected by an inversion process. 


If an uncorrectable multiple bit error is detected, a Main Memory Parity 
Error condition will notify the Bus Adapter of the error during a BA 
operation, or set a trap (MMPT) in Control Memory for a CP read operation. If 
a CP Read Modify Write (1-byte) is in progress, the error indication will set 
a bit in the ECR to notify the CP and prevent the memory control portion of 
the SBC (located on the Cache) from generating Write Pulse. 


As a diagnostic feature, the ECC can be disabled by setting a bit (ECRS5) 
in the External Condition Register. If the bit is reset, the SBC reports an 
error to the CP only if a multiple bit error is detected. Single bit errors 
are corrected with no indication given to the CP. If the bit is set, then the 
SBC reports both single and multiple bit errors to the CP as they occur. 


2.7.2 Read Data Path 


Data that has been processed by the ECC must be directed to the CP and the 
Cache, or to the BA. The CP requested a doubleword read because the Cache did 
not contain the current data. The C.P requires one word of the doubleword, 
but the entire doubleword will be used to update the Cache. A Bus Adapter 


request for a doubleword read will deliver the full doubleword of data to the 
BA. 


As the C.P needs only one word of the doubleword of corrected data, a 
decision must be made as to which word the CP will receive. This decision is 
made at the Word Selector and is software controlled by Memory Address bit 21 
(MA21) which was available during the read instruction. If MA21 is reset, the 
even word of the doubleword will be selected and if MA21 is set, the odd word 


will be chosen. The selected word can also be used during certain read modify 


memory write operations. 
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Following the word selection, an opportunity exists to rotate, or "swap" 
any one byte of the selected word into the low order byte position. The Byte 
Selector conveniently manipulates the byte here, otherwise the destination 
register of the data word (CP Memory Data Register #2) would have to be 
searched for the selected byte. This feature is software controlled by Memory 
Address bits 22 and 23 (MA22-23), which are used for selecting bytes and 
halfwords. Following the word select (and byte "swap", if requested), the 
word is sent through the IPC Data and Bus Log Multiplexer to the Cache card, 
as DIRDO-31, for transfer to the CP. 


At the same time the CP word is being selected, the doubleword is being 
transfered to update the Cache. The doubleword will pass through the Cache 
Data Bus Selector, which can only distinguish between the doubleword or IPC 
data (or CP data that will update the Cache on a CP write). The SBC does not 
know the destination of the doubleword, CAWDO-63. It can be for either the 
Cache or the BA. This decision is controlled by logic on the Cache card. 


A BA read request will send the corrected doubleword directly to the Cache 
Data Bus Selector. Again, the SBC does not know or decide the destination of 
the doubleword. 


2.7.3 Data To Main Memory 


Data to be written to Main Memory is from either the CP or the Bus 
Adapter, or it is corrected data, via the Word Selector, to be written back to 
memory as a replacement byte or halfword. The S.B.C will align the data inl, 
2, 4, or 8-byte increments, and write a word or doubleword to memory with 
correct parity. The word of data from the CP wiil also be made available to 
the Cache because the Cache must be updated when Main Memory is written. 
Because of timing constraints, the BA does not write to Cache Memory. 
Interprocessor Communications (IPC) data between the CP and BA will also be 


present, but will not be written to memory. 


A CP write memory request allows one word of CP data to be admitted to the 
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Byte and Halfword Replacement logic. It is up to the Byte and Halfword logic 
to decide on a l-byte replacement, using read data from the CP Word Select 
logic, for a Read Modified Write operation, or allow an unmodified CP word 


write. This is also software controlled by Memory Address bits 22 and 23 
(MA22-23). 


Another decision here is to permit a CP word or doubleword write. Ifa 
Single word is to be written, the data will be available to memory as an even 
word (MMWDO-31) and an odd word (MMWD31-63). The memory control, by decodi-g 
the write instruction, will generate the appropriate even or odd word Write 
Pulse. For a doubleword write, the first word will be latched in the SBC's 
Main Memory output drivers while the CP transfers a second word. The memory 


control will produce both an even and odd word Write Pulse. 


As the word(s) are prepaired for memory, they will also be made available 


to the Cache Data Bus Selector to allow updating of the Cache Memory. 


A Bus Adapter write memory operation is similiar to the CP write 
operation. The BA is allowed the normal byte replacement, and also a halfword 
replacement. The halfword is necessary because the IOP is a halfword device. 
The halfword or byte will be corrected memory data from the Word Selector and 
will be aligned by MA22-23. 


The BA is also permitted a word ur doubleword write. The complete BA 
doubleword is available to memory as MMWD0-63 and no second data transfer is 
needed. The memory control will again generate even and/or odd word Write 


Pulse(s). The word(s) will NOT be made available to the Cache Memory. 
2.7.4 Interprocessor Communications 


Interprocessor Communications are used for generalized message passing and 
interrupt service between all processors (CP, BA, and SBC). Thirty two bit 
messages are transferred directly between processors without using Main Memory 
facilities. IPC transmission control is generated on the SBC portion of the 


Cache card. 
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If no write operations are in progress, the data word appearing at the 
Byte and Halfword Replacement logic will be Interprocessor Communications 
data, transmitted on the normal data paths, from the CP or the BA. IPC data 
is left untouched and is sent to the Cache Data Bus Selector. The Cache Data 
Bus Selector will select the IPC data word originating at the BA and transfer 


it through the IPC Data and Bus Log Multiplexer, as DIRDO-31, to the CP via 
the Cache card. 


An IPC data word from the CP for the BA will also pass through the Cache 
Data Bus Selector, but will be directed to the Cache card as CAWD31-63. Logic 
on the Cache card will determine that this IPC word will be sent to the BA. 


2.7.5 External Condition Register 


The External Condition Register is a twenty four bit register (ECRO-23) 
maintained by the SBC to record or control "external" events. (Refer to 
Appendix E.) The register is divided into 5 groups. Events recorded include 
write parity errors, invalid memory addresses for write operations, Cache hits 
and misses, rejection of IPC data words, and Bus Adapter "Attention Needed" 
requests. The full ECR can be read by the Read ECR micro-instruction. The 
24-bit output of the ECR passes through the IPC Data and Bus Log Multiplexer 
and on to the low order 24-bit positions of CP Memory Data Register #4, as 
DIRDO-31, via the Cache card. 


To control events, 4 of the groups can be written by a Write ECR 
micro-instruction. These include initializing the BA, and enabling and 
disabling Cache or ECC. 


2.7.6 Bus Transaction Log 


The Bus Transaction Log (BTL) is a local RAM storage area, configured as 
256 32-bit words. It is used to record all hard and soft ECC errors with the 
associated upper twelve Main Memory address bits (CMAl1-12) generated by the CP 
or the BA. Main Memory Address bits 3-4 will point to the Main Memory card 
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while bits 5-6 will indicate the row select. Also recorded will be Cache data 


and tag parity errors, with addresses, and whether the odd or even Cache word 
is in error. The BTL can be read with the Read BTL diagnostic micro- 


instruction. 
2.8 VS-~100 CACHE MEMORY 


The Cache Random Access Memory (Figure 2-7) provides high speed data read 
access for the CP by acting as a buffer between the CP and Main Memory. 
A complete Cache cycle is 160 nanoseconds while a Cache read only cycle is 80 
nanoseconds, compared with the 480 nanosecond cycle time for a Main Memory 


doubleword read. The Cache is in synchronization with the memory control. 


The Cache contains a subset of the same data found in Main Memory and 
allows the (P to read this subset data, making it unnecessary for the CP to 
wait for data read from Main Memory. To accomplish this, the Cache has a 
write tnrough strategy so when the CP writes to Main Memory, via the System 


Bus Controller, the Cache entry is fully updated. 


The effectivness of the Cache is measured by the "hit" raito, or how often 
the requested data is found in Cache. The hit ratio will increase as job 
execution proceeds because the job tends to reuse data it has already 
referenced. A "miss" indicates the requested data was not found in Cache. 

The CP then requests a doubleword read directly from Main Memory and that 


doubleword will be written to Cache to keep the Cache updated. 


Because of timing constraints, the Bus Adapter does not write to Cache 
Memory. When the BA modifies a data word which is also buffered in Cache, the 


Cache entry is invalidated because it is no longer current. 


The Cache can be disabled and enabled by setting a bit (ECR8) in the 
External Condition Register on the SBC. When the Cache is disabled, all CP 
read accesses are satisfied directly with a Main Memory doubleword read. When 
the Cache is enabled, it contains stale data and must be cleared, as it is 


upon system initialization. 
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Cache parity errors, which also cause a doubleword read, are recorded in 
the Bus Transaction Log on the SBC, but are otherwise invisible to the CP 


microprogram. The only indication of Cache parity errors is system access 
degradation. 


Two other sections of the Cache card, although not part of the Cache 
Memory, are the Main Memory control and the IPC (Interprocessor 
Communications) control logic. This logic is actually SBC logic, but is 
placed on the Cache card due to the physical limitations of the SBC card. 


2.8.1 Configuration 


There are four thousand Cache Memory entry pairs (32K bytes), and each 
pair contains an even word entry and an odd word entry. Each entry contains a 
32-bit data word and a 9-bit "tag" field. The tag, which is used for address 
comparison, identifies the actual physical address of an entry. As each 
location in Cache can contain the corresponding Main Memory location and every 
32K increment of the location to the end of memory, the tag indicates which 


32K increment is resident in Cache. 


Of the 24 bits of physical address available, MA0-23 from the CP or BA0-23 
from the BA, the 12 "middle" bits (MA9-20 or BA9-20) are used to select a 
Cache entry pair. One of the remaining 12 bits (MA21 or BA21) is used to 
select the even or odd Cache entry from the pair, and nine bits, (MA0-8) from 
the CP address, are used to compare tag fields of the selected entry. The low 


order 2 bits are ignored because the unit of access is one word. 


2.8.2 Data Written To Cache 


Data to the Cache can be written in 1, 4, or 8-byte increments. There are 
two types of 8-byte writes. This data, appearing at the Main Memory Data 
Latch as CAWD0O-63, is either one or two words of CP data, or is a doubleword 
of memory read data, corrected by the SBC. The CP data appears here to update 


the Cache, and at the SBC for a normal one or two word CP memory write. 
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If the data is a doubleword of read data, then a Cache "miss" occured and the 


CP was forced to do a memory read access. 


The doubleword of read data can also be for the Bus Adapter and it will 
not be written to Cache, but will be sent directly to the BA as CAWDO-63. 
This route of data to the BA is because of the convenience of locating 


hardware at this point. 


The Cache will generate its own write pulses for 1, 4, or 8-byte writes, 
decoded from CP memory operation commands. When the Cache writes one byte it 
overwrites (replaces) one byte of a word already stored in Cache. The 
location of the byte to be written is software controlled by the tag 
identification and memory address bits MA21-23. MA21 controls the odd or even 
word selection while MA22-23 decide on the most or least significiant halfword 
and byte of the word. A 4-byte (word) write is also controlled by the tag and 
MA21. The 8-byte (doubleword) CP write is accomplished by tag comparison only 


when the CP transfers two words. 


The second type of 8-byte write happens when the tags did not compare, the 
Cache missed, and the CP was forced to read a doubleword from Main Memory. 
This operation is done by default, when no CP write operation is decoded and 
Control Memory bit 24 (MCM24) is on indicating that the CP requested a Cache 
read. The tag indicates the correct location to be written and MCM24 produces 
two write pulses to write the entire doubleword. Four bits of parity are 


generated and written to Cache for every word. 
If the BA writes a doubleword to Main Memory, the memory address of the 
write is compared to the corresponding address and tag in Cache, and, if there 


is a match, the data in the Cache location is invalidated. 


2.8.3 Data Read From Cache 


The read instruction for the Cache is a normal memory read operation 


determined by the decoding of a Control Memory word. The word of data 
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addressed in Cache for transfer to the CP is made available, through the Cache 
Tri State Drivers, to the CP's Memory Data Register on the MMO-31 lines. 
Nothing prevents Main Memory rrom being read, but the data word returned 


(DIRDO-31) is effectively blocked from the CP at the Tri State Drivers. 
2.8.4 Main Memory Addresses From BA And CP 


Both the CP and the BA produce a 24-bit Main Memory address for their 
respective Main Memory operations. The CP addresses (MA0-23) pass through the 
CP Memory Address Latch while the BA addresses (BA0-23) pass through the BA 
Address latch. The addresses are sent to the Main Memory Address Multiplexer 
and the memory operation in progress (CP or BA) will gate the correct set of 
addresses through to Main Memory as BMAR3-20. Missing bits BMARO-2 and 
BMAR21-23 have been explained under Main Memory Addressing, paragraph 2.6.3. 


These addresses are also made available to the Cache Address Multiplexer 
for Cache entry pair selection in an attempt to locate the subset of data in @ 
Cache. Twelve of the "middle" address bits (MA9-20 or BA9-20) pass through 
the multiplexer for Cache entry selection. The BA addresses are only used to 


invalidate the cache entry, not to write a new entry. 
2.8.5 Tag Compare (MISS) And Parity 


The nine tag bits (TWDO-8) from the CP memory address are written into the 
Cache RAM, through the Tag Data Latch, at the same time that the Cache word is 
written. One bit of parity is also written for each tag entry. When the CP 
requests a Cache read of a selected entry, the tag bits of the current CP 
memory address are compared, through the Tag Compare Address Multiplexer and 
Compare Logic, to the tag bits of the selected Cache entry. If the tag . 
comparison is not correct, the MISS signal is generated and sent to the 
Control Memory to stop the CP t and L clocks, if no BA is requesting a Main 
Memory cycle, as a Main Memory doubleword read must be initiated. The MISS is 
also recorded in the External Condition Register of the System Bus Controller 
only for diagnostic purposes as the miss will be invisible to the micro & 


program. 
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As the tag was being compared, both the tag and data parity bits are being 
checked in the Parity Check logic. If a parity error occurs, MISS is 
generated regardless of the tag comparison results as bad parity indicates an 


unusable word. A Main Memory doubleword read will be initiated. 


2.8.6 Valid And Invalid Cache Locations 


Because of timing constraints, the BA will not access any data in Cache. 
But, if the BA writes to Main Memory and that particular Main Memory 
location's data was in Cache, then the data in Cache will no longer be current 
or "valid". When the BA does a Main Memory write, the Cache checks to see if 
that Main Memory location also resides in Cache. If it does, a Cache location 
"valid" bit is written into the Cache RAM to indicate that the Cache entry is 
no longer valid. There is an even and odd valid bit for the even and odd 
cache word. If the CP requests a read of that cache location, the valid bit 
will cause a Cache MISS and a Main Memory doubleword read will be initiated. 


The Cache word will be updated and will again become valid. 


2.8.7 Main Memory Data Direct To CP 


Data from Main Memory to the CP, caused by a Cache miss and a doubleword 
read, passes through the Cache card on the way to the CP. The data word, 
DIRDO-31, is directed from the SBC at the same time that the doubleword from 
the SBC for the Cache update arrives at the Cache card. The word can also be 
IPC data from the BA to the CP. In that case, the word will not be used to 
update Cache. Any data from the Cache will not be permitted through the Cache 


Tri State Drivers. 


2.8.8 Main Memory Control 


The Main Memory Control logic on the Cache card (Figure 2-8) is actually 
an System Bus Controller function, but is located on the Cache card due to the 
physical limitations of the SBC card. Both the CP and the Bus Adapter can 

© request a variety of memory read and write operations, and both encode their 
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own memory operations and requests. The BA, because it must support the I.0. 
Processor, is permitted a 16-bit (halfword) memory write that the CP is not 
allowed. The CP has the lowest memory priority and does not require a request 
line because the memory control defaults all unused memory requests to the 


CP. Each B.A has a request line. 


The Main Memory Operation Decoder decodes the CP memory operation from a 
Control Memory word when no BA memory requests are present. The BA Priority 
Network chooses the BA with the highest priority (MRBA1-4) and allows the Main 


Memory Operation Decoder to decode the BA operation from bits BACO-2. 


“he Main Memory Timing Generator produces all the memory control signals 
discussed under Main Memory Control Signals, paragraph 2.6.1. The CP MDR 
Select Logic allows the selection of the appropriate CP Memory data Register 
for memory read commands. The STOP CP signal, halting the 't' time clocks of 
the CP, will be present if there was a Cache MISS because the data in the 


Cache was invalid and must be updeted; if control was busy or doing a refresh 
and a CP write command was issued; or, if a BA memory request was in progress 


and a CP write command was issued. 


Main Memory refres’: logic is also part of the memory control. It provides 
refresh control and row addresses (BMAR6-13) to the Main Memory at 15 micro 


second intervals. Refresh has priority over all other requesting processors. 
2.8.9 Interprocessor Communications Control 


IPC (Interprocessor Communications) control logic (Figure 2-9) is also a 
System Bus Controller function but is located on the Cache card due to the 
physical limitations on the SBC. The logic is responsible for IPC message 
send and receipt control. The IPC feature has two basic functions. The first 
function allows two processors to communicate with each other without using 
Main Memory facilities, anc the second function allows the I.0. Processor to 


interrupt the CP because ti:z: CP will not accept asynchronous messages from the 


IOP. The CP, Bus Adapter, and SBC are all considered processors. 
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The IPC data words are 32-bit messages created by a processor. There are 
two types of messages (dialogs); CP initialization of the BA, and I/0 
initialization and interrupts. The BA is used for buffering and routing the 
message. 


The IPC receipt RAM stores IPC data bits 0-7 in the form of a message 
receipt control, a sending processor number, and a destination processor 
number. The RAM does not store the actual message. The Message Receipt 
Control Logic allows acceptance or rejection of any IPC message from any 
processor. The MDR Load Control alerts MDR#4, the IPC memory data register 
for the CP, of a pending message. The Bus Adapter IPC Ready Control produces 
the proper Data Ready (DRYi-4) signal to a particular Bus Adapter. DRY1-4 
corresponds to Bus Adapter 1-4. DRY will be used at the BA to gate the IPC 
data into the B. A. IPC Data Latch. 


2.9 VS-100 BUS ADAPTER 


The Bus Adapter (Figure 2-10) is an intermediate processor serving as an 
interface between the 16-bit Input/Output Processor and the 64-bit VS-100 
system bus. The VS-100 can support one or two Bus Adapters, although 
provisions have been made for four BAs. Each BA supports up to eight IOPs. 


The BA has access to basic VS-100 memory and Interprocessor Communications 


(IPC) services, and is synchronized with the SBC. The main service the BA 
provides is data buffering. The IOPs use 16-bit write and read operations, 
while data is transmitted to and from memory 64 bits at a time. The BA blocks 
data going from the IOP to memory and unblocks data from memory for the IOP, 
effectively using the 64-bit high speed data bus during I/0 operations. 


The BA supports six words per IOP in a local RAM buffer/ register. The 
words are used to buffer memory or IPC data, and for holding physical 
addresses through which the IOP will access Main Memory. The BA generates a 
24—hit physical Main Memory address from the 16-bit word supplied by the IOP, 


allowing access to the possible future 8 megabytes of memory. 
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Four groups of commands are developed by the IOP to control internal BA 
events and Interprocessor Communications, and to direct Main Memory 
operations. Four types of errors, plus other IOP status information, are 
logged in a one byte Status Register maintained on the BA. The IOP cannot 
directly set the full Status Register, but it can inspect the status byte. 
Under direction of the CP, IOP interrupts can be allowed or rejected by the 


BA. The BA also controls the priority of devices attached to the IOPs. 


2.9.1 IOP Priority 


The first two IOP positions on BA #1 are always reserved for disk devices. 
(Note that the present 210-7611 BA card will not support two disk IOPs, 
however, the future 7911 BA card will support two disk IOPs.) The disk 
devices, because of their high speed data transfer rates, must have memory 
access priority over all other I.0. devices. The BA must asSign priority to 


the first disk IOP, but still allow the second disk IOP to share every other 


available memory access. This is accomplished by "conflict resolution" 
logic. The other IOP priorities are assigned on a decending IOP position 


basis. The priority assignment process is initiated when an IOP raises its 


memory request line. 
2.9.2 IOP Instructions 


After an IOP has requested a memory cycle and has received a memory grant 
from the BA in return, it can send a command, in the form of a CMBI (Control 
Memory Bus Interface) instruction, to the BA. The BA will decode the CMBI 
into one of four instruction groups; Read/Write group, Address Control group, 


State Control group, or Interprocessor Communications group. 


Each group is sub-divided into several instructions. The instructions 
will be used to control data and address transfers between the IOP and Main 
Memory, or in the case of IPC instructions, between the IOP and the CP. Each 


command contains a number of "type codes" and "qualifier bits" to further 


define the instruction execution. 
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2.9.3 Encoding of BA Memory Commands 


The BA must have read and write access to Main Memory to support the 
IOPs. The BA memory commands are encoded on the BA from the IOP instructions 
and are decoded on the Main Memory control portion of the SBC, located on the 


Cache card. The BA memory operations include Write 1, 2, 4, or 8 bytes, and 
Read 8 bytes. | 


2.9.4 Write IOP Data To Main Memory 


To accomplish 1,2, 4, or 8-byte writes, the IOP will use l, 2, or 4 
halfword data transfers to the BA.- The BA will either send a byte directly to 
the S.B.C for writing to Main Memory, or store the halfwords of data in the 


odd or even word buffers until all transfers are complete. 


After the BA has granted the IOP memory request and decoded the IOP 
instruction, data is received from the IOP as two bytes, BMDLO-7 and BMDHO-7, 
at the IOP Data In Latch. A 1l-byte Read Modified Write will cause the high 
order byte (BMDHO-7) to be transfered directly to the SBC with a memory 
address. The byte will be sent (as the low order byte BARD56-63) through the 
Main Memory Data Latch Low. The other 24 bits (BARD32-55) will all be zeros. 
The Main Memory Data Latch Low will be enabled when the BA requests a memory 
cycle and the data will be transfered to the SBC when the memory control is 
ready. This byte replaces a byte in a full word read from memory by the SBC 


and the SBC is responsible for pesitioning the byte within the word before the 
word is rewritten to memory. 


Because the IOP is a 16-bit device, a halfword (2-byte Read Modified) 


write is permitted. Only a halfword will be loaded into an odd or even word 
buffer. 


For a 4-byte (word) write, two data transfers from the IOP are required. 
The first transfer will load the least significiant halfword of the odd or 
even word buffer. The second transfer will load the most significiant 


halfword of the odd or even word buffer. 


2-48 


VI.A.2.M-0 


The loading of odd and or even buffers, for both halfword and word writes, 
is controlled by Current Address Register bits 21 (buffer select ) and 22 
(half word select within the buffer). Address bit 20 causes a write request 
to be issued to the SBC using the current address. Half words and word write 
data passes through Main Memory Data Latch Low. 


For a 8-byte (doubleword) write, four transfers from the IOP are needed 
and four odd and even word buffers are loaded. Memory Data Latch High 


(BARDO-31) is used for the even word of an 8-byte write. 


2.9.5 Addresses To Main Memory 


Two types of addressing schemes, direct or indirect, are used by the BA to 
access Main Memory. Set Address, issued by the IOP, provides the mechanism 
where the IOP loads a 24-bit direct physical address into the Current Address 
Register before accessing a Main Memory area for reading or writing. Loading 

& the physical address requires that the IOP load the least significiant byte of 
an IOP halfword, followed by a complete halfword, into the CAR as BMDLO-7 and 
BMDHO-7 via the IOP Data In Latch. 


set Address Indirect causes a packaged operation, including reading Main 
Memory, to be performed. When a Set Address Indirect is issued, the BA will 
use the 24-bit Indirect Address Register as a Main Memory address as long as 
no other memory operations are in progress. A Main Memory doubleword, 
consisting of addresses, is read by the BA as BAWDO-63 through the Main Memory 
Data In Latch. One word is selected by Current Address Register bit 22 while 
the other is discarded. Twenty four bits of the word are then placed in the 
CAR and the IAR is rippled plus 4. Set Address Indirect can be used by the 


IOP for effective access of an Indirect Address List. 


The IOP (via the MMO-15 lines) can also fetch a 16-bit address (one of 
four halfwords) from the IAR/CAR before processing an IOP level interrupt 
@ operation. The CAR/IAR Latch/Incrementer can ripple the CAR plus 1 or plus 2 
for sucessive memory operations, and ripple the IAR plus 4 for the next 


doubleword. 
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2.9.6 Main Memory Data To IOP With Byte Switching 


The IOP read request causes the deblocking of the 64-bit data in the BA 
Odd/Even Word Buffer into 16-bit half words. When the Main Memory read is 
serviced, using a memory address from the Current Address Register, a 
doubleword of data is read from Main Memory and returned as BAWDO-63 to the 
Main Memory Data In Latch from the SBC. One odd or even buffer word is 
selected as determined by the state of Current Address Register address bit 21 
(buffer select), while CAR bit 22 selects the half word from within the 
buffer. CAR bit 23 determines if the bytes witliin the halfword will be 
switched in the Byte Switch Multiplexer. This conforms to the firmware 


convention in the IOP. 


The halfword output of the Byte Switch Multiplexer is sent to the IOP via 
the IOP Data Out Multiplexer as MM0-15. The CAR address is incremented 1 or 
2, and if CAR bit 20 changes, then the next doubleword read is performed. Bit 


20 changing indicates that the buffer has been emptied. 
2.9.7 Interprocesser Communications 


Interprocessor Communications (IPC) is used for generalized message 
passing and interrupt service between all processors (CP and BAs). Thirty two 
bit messages are transferred directly between processors without using Main 
Memory facilities. Each message must contain its own routing information. 
These messages are controlled by "dialogs", which are defined as a CP 
initiated SEND followed by a BA response. There are two classes and five 
types of IPC dialogs for loading and unloading registers, reading and 
disabling IOP interrupts, and performing diagnostic functions. The IOP is not 
directly involved with the dialogs. The BA maintains an IPC In register and 
an IPC Out register for buffering the IPC messages. The registers can be 


written and read on command from the IOP. 


The IPC message, controlled by an IPC dialog and by the Send and Receipt 


logic on the Cache card, (paragraph 2.8.9, Interprocessor Communications 
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Control) enters the BA in the form of a seperate word of data (BAWD32-63) and 
transfers to the IPC Command And Data Latch. The message is entered into the 
correct IPC In register, selected by an IOP number. The register is read and 
the data is sent to the IOP, via the Byte Swap Multiplexer and the IOP Data 

Out Multiplexer, as MMO-15. An acknowledgement message is returned by the BA 
to the CP indicating that either the IPC In Register was loaded and no other 


message be sent, or that the IPC In Register was busy and the CP should repeat 
the message. 


When the IOP has completed the task, (start I/0, halt I/0, or control I/O, 
etc.) it returns the IPC message through the IOP Data In Latch to the correct 
IPC Out register. An IOP interrupt request is activated by the BA and the CP 
will read the interrupt. The CP responds with a Give IPC Out register dialog 
and the data word will be sent from the register through the Main Memory Data 
Latch Low to the CP. 


2.9.8 Status Register 


The BA supports a status byte for each attached IOP. The status byte is 
held seperately from the other IOP register areas. These status bytes are 
maintained by the BA during the servicing of IOP commands. The IOP cannot set 
the full status byte directly, but it can inspect the value of the status 
byte. Main Memory command errors, IOP command rejection errors, and status 
bits ACT, MODE, PB, DWD, TOR, and IPCA are detected by the Status Sensing 
logic. (Refer to Appendix D, VS-100 Hardware Mnemonics.) The byte is stored 
in the Status RAM using an address developed from an IOP number. The RAM is 
updated by the Status Register and the status byte is sent to the IOP, through 
the IOP Data Output Multiplexer, as MMO-7. 
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CHAPTER 3 
UNPACKING AND INSTALLATION 


3.1 GENERAL 


This chapter describes the procedures for unpacking, inspecting, and 
installing the VS-100 Mainframe. Included in this chapter are instructions 
for system interconnection and initial power-up. Refer to Chapter 4, Switches 
and Indicators; Chapter 5, Sysgen; Chapter 6, Maintenance and Adjustments; and 
Chapter 7, Removal/Replacement of this manual for further information needed 
to complete installation. Actual installation should net begin until the site 


requirements detailed in the following publications have been met: 


1. VS Presale Guidelines & Use of the Physical Planning Guide. (A 
Customer Engineering publication) 

2. VS Configuration Guide (WLI P/N 800-2100). 

3. 2200VS Physical Planning Guide (WLI P/N 800-1106PG; Class. I.A.7) 

4, Customer Site Planning Guide (WLI P/N 700-5978; Class. I.A.7). 

5. Other pertinent documents in Category I.A.7. 


3.2 SITE PREPARATION 


Prior to installation, the following conditicrs must have been met: 


1. All site plans must have been approved by both the customer and a Wang 
Service Representative. 

2. All building alterations must have been completed and inspected. 

3. All wiring, air conditioning, and TC modifications must have been 
completec and tested. 

4, If the installation is an upgrade oniy (CPU replacement), the SALESMAN 
wil ensure that serial devices replace all parallel peripherals 

5. The salesman will also make arrangements to replace all 2260V 10-Mbyte 
Drives. These drives are NOT supported on the VS-100 System. 
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NOTE 
It is the responsibility of the salesman to ensure thet an 


upgrade site meets all necessary VS-100 specifications. 


6. The CE will perform a pre-installation inspection two weeks prior to 
delivery. At this time, the CE will check the site for compliance 
with VS site specifications. The CE will bring any unsatisfactory 


conditions noted to the attention of the customer for correction. 


NOTE 
Before installation of a VS-100 can take place, the minimum 
specifications as described in the previously-listed publications 
should be met. Failure to meet these requirements can be cause for 
the installing CE to deem a site as unsuitable for the proper 
functioning of a VS-100 System. 


3.3 INITIAL INSPECTION 


Before unpacking the VS-100, check all packing slips to ensure that the 
proper equipment has been delivered (refer to the serial tag information 
below). After checking packing slips, inspect all shipping containers for 
damage (crushed corners, ,unctures, etc.). If damage is discovered during 
this or subsequent inspections, file an appropriate claim promptly with the 
carrier involved, and notify the WLI Distribution Center (Dept. #90), Quality 


Assurance Dept. Intorm them of the damage, and arrange for equipment 


replacement, if necessary. 


SERIAL TAG # | MEMORY SIZE (Bytes) 


177-VS16F 
177-VS24F 
177-VS32F 
177-VS40F 
177-VS48F 
177-VS56F 
177-VS64F 
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2.4 UNPACKING THE MAINFRAME 


The Mainframe is shipped pre-assembled, covered by a corrugated cap and 
Sleeve, and bolted to a shipping pallet. A new feature has been incorporated 
into this pallet making it easier for CE's to unload the Mainframe from it. 
With the use of a few simple tools shipped with the pallet, one end can be 
lowered to the floor forming a ramp, enabling the CE to roll the unit off the 
pallet to its permanent location. This and all other unpacking proced res are 


performed as follows: (See Figures 3-1 through 3-4.) 


NOTE 
Because of the size and weight of the Mainframe, it is 
recommended that the following procedure be performed 


by two persons. 


1. Using snips, cut the bands encircling the shipping container. 

2. Lift the corrugated cap from the top of the container. 

3. Lift the corrugated sleeve from around the Mainframe. 

4, Locate and set aside the package containing the je 2k-screws, plates, 
and T-nuts. (See Figure 3-1.) 

5. Inspect the Mainframe for any obvious external damage. If damage is 
discovered, refer to Paragraph 3.3 for appropriate action. 

6. Position the pallet so that the end with the removable cushion affixed 
to it faces in the direction the Mainframe will be moved. In the 
following text this will be referred to as the FRONT END of the pallet. 

7. Using an adjustable wrench, remove the four bolts lczated unde: the 
pallet that secure the Mainframe to the pallet. (See Figure 3-2.) 

8. Lower the chassis levelers located at the BACK end of the pallet until 
they are in firm contact with the surface of the pallet. This MUST be 
done to prevent the Mainframe from rolling off the pallet when the 
front end is lowered. | 

9. Lower the front end of the pallet as follows: (See Figure 3-3.) 

a. Insert a jack-screw into each of the pre-drilled holes on the 
pallet sides, and screw a t=-nut onto the end or each jack-screw. 
b. Under each jack-screw, center a plate so that the nub at the end 


of the screw sits in the small hole in the center of the plate. 


553 
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ec. Turn the T-nut counter-clockwise until it penetrates the bottom of 


the pallet. Once this is done, turn the jack-screw handle 
clockwise until the pallet front is raised zt-inch off the floor. 

d. Remove the two bolts securing the cushion to the pallet and remove 
the cushion. At this point, the front end of the pallet is 
supported entirely by the jack-screws. 

e. Turn the jack-screws counter-clockwise to lower the pallet. 

f. With the pallet front resting on the floor, raise the levelers on 
the Mainframe and carefully ease the Mainframe off the pallet. 

10. Move the Mainframe to its permanent location and remove the protective 
polyethylene film. (See Figure 3-4.) 

11. With the Mainframe in its permanent location, the unit must be raised 
off the casters and leveled. This is accumplished by adjusting the 
leveling-pad screw bolts located next to each caster until the 
Mainframe is lifted off its casters and is level with adiacent 
peripherals. Level the Mainframe as follows: 

a. Turn the leveling pads clockwise (down) until they support the 
full weight of the Mainframe. 


b. Adjust the leveling pads to align the unit with adjacent 
equipment. Ensure that the unit is not supported by the casters. 
ec. If a bubble level is available, place it on top of the cabinet 
assembly and level the unit front-to~-back and side-to-side. Ifa 
level is unavailable, align the unit by sight. Ensure that the 
Mainframe is level with no detectable rocking motion. 
12. Once the Mainframe is in place and leveled, check that the service 


clearances are as follows: 


a) Front 36" 91.44em 
b) Rear 30" 76.20cm 
ec) Left 00" 00.00cem 
d) Right 00" 00.00cm 


3.4.1 UNPACKING THE PERIPHERALS 


@ Before proceecing, carefully unpack all peripherals according to 


procedures outlined in applicable maintenence manuals in Classification III. 


~~” 


As each unit is unpacked, check it for any obvious shipping damage. 
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FIGURE 3-2 NEW SHIPPING PALLET WITH JACK-SCREWS IN PLACE 


FIGURE 3-3 LOWERING THE PALLEY FRONT END 
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FIGURE 3-4 REMOVING THE MAINFRAME 


3.5 INITIAL MAINFRAME INSPECTION 


To ensure the integrity of the equipment, a detailed internal inspection 
must be performed before final installation of the System. Perform an 


internal inspection of the Mainframe, as follows: (See Figures 3-5 and 3-6.) 


1. Remove the top and front covers, and lower the fan panel. (Refer to 
Chapter 7 for disassembly procedures. ) 

2. Inspect the interior of the Mainframe for packing material or such 
shipping damage as broken connectors and loose fastening hardware. 

3. After confirming that the appropriate circuit cards have been shipped 
(refer to shipping list), remove all cards. (Refer to Chapter 7.) 

4, Carefully inspect the motherboards and fans for obvious damage or 


loose connections. 


5. Slide the power supply tray out from the Mainframe, and inspect the 
power supply assemblies for damage and loose ecnnnections. At this 


time, ensure that all power supply connections are tight. 
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If necessary, vacuum clean the unit. 


After inspecting the power supplies, slide the tray back in place. 


Do not re-assemble the Mainframe at this time. 


Oo CON DH 


If damage is discovered at any time during the inspection, follow the 


reporting procedure in Paragraph 3.3. 


3.5.1 INITIAL PERIPHERAL INSPECTION 


After inspecting the Mainframe, carefully inspect each peripheral 
according to procedures outlined in the applicable maintenance manuals in 
Classification III. If damage is discovered at any time during the peripheral 


inspection, follow the reporting procedure in Paragraph 3.3. 


3.6 MAINFRAME INSTALLATION 


The following paragraphs describe the procedures for checking and 
installing all VS-100 Mainframe circuit cards in the CP and I/O Motherboards. 
Perform this procedure before INITIAL system power-up or before any subsequent 


power-up where system status is either unknown or suspect. 
3.6.1 CP MO''HERBOARD CIRCUIT CARD INSTALLATION 


Refer to Chapter 4 for information pertaining tv switch-settings on the 
different circuit cards used in the CP Motherboard. Install all eards in the 
Mainframe with their component sides facing left when viewed from the chassis 


front. Refer to Figures 3-7 through 3-14 when installing the following cards. 


###CAUTION®#® 
Exercise care when installing the large, flexible VS-100 cards. Ensure 


that all cards are seated properly in the appropriate CP Motherboard 
sockets. Do not damage the sockets when inserting cards. 


1. Install the 210-7602 Control Memory card (see Figure 3-8) in 
Motherboard slot #1. 

2. Install the 210-7600 CP1 (A-Bus) card (see Figure 3-9) in Motherboard 
slot #2. 
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FIGURE 3-6 VS-100 CPU WITH FAN ASSEMBLY LOWERED 


3. Install the 210-7601 CP2 (B-Bus) card (see Figure 3-10) in Motherboard 
slot #3. 

4, After checking memory-size switch settings on the Cache Memory card 
per Chapter 4, connect the 16-pin ribbon cable from L46 of the 
210-7604 Cache Memory card to I.83 of the 210-7605 System Bus 
Controller card 

5. Install the 210-7604 Cache Memory card (see Figure 3-11) and the 
210-7605 System Bus Controller card (see Figure 3-12) as one unit in 
Motherboard slots #4 and #5, respectively. 

6. Install the 210-7603 Main Memory cards (see Figure 3-13) in pairs 
starting at Motherboard slot numbers 6 and 7. Cards in even-numbered 
slots (6, 8, 10, 12) contain even data words; cards in odd-numbered 
slots (7, 9, 11, 13) contain odd data words. The total number of 


PAIRED memory cards determines Main Memory size (refer to Table 3A). 


Ensure the* the number of memory cards equals desired memory size 


(refer to work request). Do NOT leave open slots between memory cards. 
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—~ 


Install a 210-7611 Bus Adapter (BA) card (see Figure 2-14) in 
Motherboard slot #15: the card in this slot becomes Bus Adapter #1. 
If the system is to contain a second BA card, install it in 
Motherboard slot #14: the card in this slot becomes BA #2. Refer to 


Paragraph 3.6.3 for internal cable connections. 
TABLE 3A MAIN MEMORY SIZE 


SLOT #'s  |PAIR # | MEMORY SIZE* | COMMENTS 


6 and 7 ae ee Slot 6 is memory board 0 (even words). 
Slot 7 is memory board 1 (odd words). 

8 and 9 Slot 8 is memory board 2 (even words). 
(Maximum) Slot 9 is memory board 3 (odd words). 

1.5 Mbyte Slot 10 is memory board 4 (even words). 
(Maximum) Slot 11 is memory board 5 (odd words). 


; 
C 

12 and 13 3 2 Mbyte Slot 12 is memory board 6 (even words). 

(Maximum) Slot 13 is memory board 7 (cdd words). 


* Except for pair 0 which must always be 512 Kbyte, this is maximum 
memory size with the specified number of memory cards. Using 
half-loaded cards results in smaller memory sizes than indicated by 
this table; that is, with half-—loaded memory cards, pair 0 fully 
loaded and pair 1 half-loaded will equal 750 Kbyte, and so forth. 


3.6.2 I/0 MOTHERBOARD CIRCUIT CARD INSTALLATION 


Refer to Chapter 4 of this document and the appropriate documents in 
Category VI.B for information pertaining to IOP switch-settings. Ensure that 
the device address for each IOP is unique to that assembly. Install all 
assemblies in the Mainframe with component sides facing left when viewed from 


the chassis front. Refer to Figure 3-7 when installing assemblies. 


IOP assemblies are assigned to I/O Motherboard slots on a priority basis. 


Each assembly is weighted according to IOP type, as follows: 


NOTE 


In the VS-100, the OS requires that I/O slot #0 on BA1 be reserved for 
a high-speed disk drive IOP (22V28). BA1 tekes priority over BA2 when 
devices on both boards try to access the CPU simultaneously. 
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FIGURE 3-11 210-7604 CACHE MEMORY CARD 
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FIGURE 3-13 210-7603 MAIN MEMORY CARD 
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FIGURE 3-14 210-7611 BUS ADAPTER CARD WITH 
CONNECTO.t LOCATIONS 
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TABLE 3B VS-100 IOP PRIORITY LIST 


. wACEMENT PRIORITY 


IOP TYPE ON MOTHERBOARD 
22V28 Large Disk Drive assembly 212~3023 


22V25-2 Tape Drive assembly 212-301, 


22V2T-2 16-Port Serial 


Workstation/Printer assembly 212-3022 
22V26-3 TC IOP assembl 212-3020 


1. Install the 22V28 Large Disk IOPs in slot 0 of the I/O motherboards. 
At present, the VS-100 cannot handle more than one disk IOP per Bus 
Adapter. See following note. 

2. Install a 22V27-1 16-Port Serial IOP in slot #2 of I/O motherboard 1; 
Workstation 0 must be connected to port #0 of this IOP. This is a 
microcode convention and MUST be adhered to. 

3. After performing steps 1 ana 2, install all remaining IOPs according 
to the priority table listed above. Install all IOP's of one type 
before _astalling other IOPs. 


4, Because TC has the lowest priority of all IOP's, install any 22V26 
IOP's immediately following all other IOP assemblies. 


NOTE 
Because of timing considerations, the Bus Adapter (210-7611) presently in 
use cannot handle more than one Large Disk IOP. For this reason, only two 
22V28 IOPs can be installed on the VS=100; one disk ICP in slot 0 of I/0 
motherboard 1, one disk IOP in slot 0 of I/0 motherboard 2. If more than 
one disk IOP is needed, two BA's are required on the VS-100. 


3.6.3 INTERNAL CABLE CONNECTIONS 


Once all Mainframe circuit cards and IOP assemblies have been installed, 
ensure that all internal interconnection cables are installed according to 
Figures 3-7 through 3-14 and Table 3C. Do not attach peripheral cables to the 
IOP assemblies at this time. Ensure that all card cables are secured in 
place, and re-install the fan panel. Refer to Figure 3-15 for proper cable 
configurations for the 210-7613 Front Panel and the 210-7614 Maintanance Panel. 
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TABLE 3C VS-100 INTERNAL CABLE CONNECTIONS 


PC BOARD CONNECTOR TO CONN=CTOR PC BOARD 


" J2 26-pin connector J2 enance Panel 
210-7602 16-pin ribbon cable J8 210-7614 
J5 Maintenance 


Panel 
210-7611 


210-7605 


16-pin ribbon cable 


210-7611 


1? 


210-7609 
(Multipled if 
two I/0 Mother- 


boards are used.) 
210-7613 Front 
Panel Display 


16-pin ribbon cable 


210-7613 J3 16-pin ribbon cable J9 
=e Pee ance Panel 
| 210-7614 J1 J2 210-7610 Mini- 
J4 J3 Disk Controller 


3.7 PRELIMINARY POWER--UP ROUTINES 


Before completing Mainframe re-assembly and peripheral equipment 


installation, perform the following physical and electrical checks. 
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oy BUTTON i | 


INITIALIZE. 


YSTEM 
LOAD 
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210-7613 Je JY 210-7609 
210-7613 J1 J1 210-7608 
210-7613 J3 JQ 210-7614 
210-7614 J2 Je 210-7601 
210-7614 J3 J1 210-7601 
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FIGURE 3-15 FRONT AND MAINTENCE PANEL CABLE LOCATIONS 
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#*# CAUTION### 


Failure to perform the following check properly can result in 


serious damage to Mainframe circuits and to connected peripherals. 


LINE NO.1 


LINE NO. 2 


NEUTRAL 


GROUND 


—< EARTH 
GROUND 


THE NEUTRAL AwD 
GROUND LEADS MUST BE 
CONNECTED TOGETHER 
AND TO EARTH 

GROUND AT THE 
BUILDING MAIN INPUT 
POWER PANEL 


COMPUTER ROOM 
CIRCUIT BREAKER 


(RED) 
(GREEN) | 


NEMA Configuration: 
Hubble Part Numbers: 


30 AMPS 
GROUND LEAD MUST BE 
SAME OR HEAVIER GUAGE 
THAN EITHER HOT LEAD 
RECEPTACLE BODY MATCHING CONNECTOR 
L14~30 L14-30 
2710 2711 


TEST POINT 


LOCATIONS 


DVM READINGS 

115V AC (+10%, -15%) 
115V AC (+10%, -15%) 
230V AC (+10%, -15%) 
+0V AC* ° 


DVM CHART FOR VOLTAGE MEASUREMENTS AT THE SOCKET 


* Tf a difference in potential of more than .2V exists between Neutral 
and Ground, notify building electrician that power supply is 


UNACCEPTABLE. 


FIGURE 3-16 POWER SERVICE REQUIREMENTS FO: : 
MAINFRAME/DISK DRIVES 
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3.7.1 MAINFRAME SOURCE-POWER CHECK 


Check the Mainframe power-supply receptacle for proper wiring and service, 
as defined in Figure 3-16. Ensure that the outlet meets all specified 


requirements before proceeding with the installation. 


3.7.2 INITIAL MAINFRAME POWER-UP 


1. After ensuring that the Mainframe circuit breaker is OFF, plug the 
Mainframe power connector into the wall outlet and twist the connector 
fo lock it in place. 

2. Perform the following in the sequence given: (See Figures 3-17, -18.) 
a) Set the Mainframe circuit breaker ON. 

b) Depress the Power-On pushbutton located on the power panel. 

3. Ensure that the Power-On indicator on the power panel is lit and that 
the Mainframe cooling fans activate. 

4, Check the Voltage-Sensing LEDs on the linear power supply chassis. If 
LEDs are lit, voltages are present on the System but not necessarily 
within limits. 


5. Perform the voltage adjustment procedures in Chapter 6 of this manual. 
3.7.3 INITIAL MICROCODE LOADING 


With the completion of the voltage adjustment procedures, the initial 
Mainframe power-up routines are done. As rurt of the installation and PM 
procedures, and at any time CPU integrity becomes suspect, the microcode 
diagnostics will be loaded and run. Refer to Chapter 8, Daignostics, for this 


procedure. 


Once the diagnostics have run successfully, load the System Microcode into 


Control Memory as follows: 


1. Insert the microcode diskette (WLI #705-0154) into the mini-floppy 
drive and press the silver 'BT' (BOOT) button on the Control Panel 
(See Figure 3-18) to load the microcode into Control Memory. 

2. Wait for the 'READY' LED on the Front Panel to light. 
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FIGURE 3-17 VS-100 POWER PANEL 
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FIGURE 3-18 VS-100 FRONT PANEL CONTROLS AND INDICATORS 
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NOTE 
If LED flashes instead of remaining in the steady 
ON state, system has failed to load the microcode. 


Reseat diskette and repeat the loading procedures. 


3. If microcode cannot be loaded, insert and run the back-up diskette if 
available. If this fails, the drive or drive controller (210-7610) 
are suspect. Refer to drive maintenance procedures in Chapter 6. 
4. Power~down the Mainframe and create a minimum system as follows: 
a) Attach a serial workstation to IOP 2, Port 0 on BA1. This device 
will be Workstation 0. 
b) Connect a disk drive to IOP 0, Port O on BA1. This drive is the 
System Disk, storing the Operating System created during SYSGEN. 
5. IPL the System and perform the SYSGEN procedure described in VS 
Releases 5.01 SYSGEN Procedures (WLI #800-8201°P-05) and VS SOFTWAKE 
BULLETIN--RELE..SE 5.01 (WLI #800-3105-01). 


6. After completing SYSGEN, connect all peripherals according to the 
following paragraph. 


3.8 SYSTEM INTERCONNECTION 


After microcode is loaded and SYSGEN has been performed, power-down the 
Mainframe and connect all peripheral devices according to the configuration 
created during SYSGEN. skefer to Figures 3-19, 3-20A, 3-20B, 3-21, the 


following paragraphs, and the appropriate documents in Classification III for 
cabling procedures. 


3.8.4 CONNECTOR PLATE-TO-I/0 MOTHERBOARD CABLING 


Before installing cables in the connector plates at the rear of the 
Mainframe, all cables between the plates and associated IOPs must be 
installed. Ensure that the cable from the connector plate containing 
workstation 0 connects to Ji of the Serial IOP assembly in T/J slot 2 of BAI. 
Ensure that the 'E' cable of the System disk is attached to the top connector 
of the dis:. connector plate in ear panel location #0. The 'B' cable from 
this connector plate must be connected to J2 of the Disk IOP assembly in I/O 
slot 0 of BA1. (See Figure 3-19 for rear-panel connector plate layout.) 
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FIGURE 3-19 VS 100 REAR PANEL CONNECTOR PLATE LOCATIONS 
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3.8.2 BNC/TNC CONNECTORS 


Serial I/0 devices (workstations, pri: 2rs, etc.) connect to the Mainframe 
by means of standard BNC/TNC connectors mounted on a 16-connector plate (WLI 
#270-0704). Maximum cable length for these devices is <J00 feet. Workstation 
O MUST be attacned to Port 0 on IOP 2, BAl. The connectors for Workstation 0 
are located in the upper position of the connector plate ‘nv the lower right- 
hand corner or the rear panel of the Mainframe. Refer to Figure 3-19 for 


details on connector plate and BNC/INC count for peripherals. 


NOTE 


The VS-100 supports the FiberWay Active Port 
Assembly (FWAPA). The FWAPA is a multiplexed 
fiber optic link that supports up to 32 
peripheral connections over two optical ports, 
using the 32-port 22V47 Serial IOP. FWAPAs for 
the VS-100 are installed only in the Wang VS 


Large Cable Concentrator. For installation and | 


a 


interconnection interformation for t.1e FWAPA, 
refer to the Wang VS Large Cable Concentrator 
product maintenance manual and the Remote Cluster 


Switch product maintenance manual. 
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3.8.3 DISK CABLE CONNECTORS 


Two sizes of disk cable connectors and clamps are located on the disk 
connector plates (WLI #270-0910). The top four (narrow) connectors contain 
26-pin sockets for the 'B' cable connections; the bottom (wide) connector 
contains a 60-pin so:ket for the 'A' cable connection. Both types connect the 
disk cable to the Mainframe in the same manner. Connector ,late locations 1 


and 2 (1/0 slots 0 and 1) are usually reserved for Disk IOP connectors. 


Before connecting a disk cable, prepare it as follows, if necessary: 


1. Remove 6 inches of plac-ic sheathing from one end of the cable. 


2. Fold the copper shield back exposing the disk cable. 


To connect a disk cable to the Minframe proceed as follows: (See Figure 


Ls Disassemble the cable clamp by removing the Phillips screws on either 
side of the clamp. 

2. Lay the disk cable in the portion of the clamp still attached to the 
Mainframe. Slide the plastic sheathing under the ground clip, with 
the copper shielding against the clamp. The exposed disk cable 
should extend to the connector on the disk connector plate. 

3 Reassemble the cable clamp by installing the two Phillips screws 
removed in step 1. Ensure that pin 1 is oriented properly and 
tighten the clamp screws until solid contact with the copper shield 
is made. Do NOT overtighten, as this could damage the disk cable. 


r 
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4. Plug the cable into the cable connector on the disk connector plate. 
The top four connectors of each disk connector plate attach the ''B" 
cable of each drive; the bottom connector on the plate attaches the 
"A" cable daisy-chained through each drive to the VS-100 Mainframe. 
The "B" cable connector directly above the "A' cable connector 


attaches to Port 0 of the associated disk IOP. 


NOTE 


Sector-switch settings for the VS-100 on the 2265V-1/V-2 
disk drives are the same as the VS 60/80. Refer to the 


vo Reference Summary for switch settings. 


“B” CABLE 
CONNECTOR 


DISK CONNECTOR PLATE 
WLI NO. 270-0910 


B-02365-FY85-19 


FIGURE 3-20A "B'" CABLE CONNECTION 
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“A” CABLE 
CONNECTOR 


DISK CONNECTOR PLATE 
WLI NO. 270-0910 


B-02365-FY85-18 


FIGURE 3-20B 'A' CABLE CONNECTION 
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3.8.4 TELECOMMUNICATION CONNECTORS 


If the TC option is to be installed, the TC cables must be attached to a 
an RS-232 connector plate (WLI P/N 270-0705 for l-port, 270-0705-2 for 2-port, 
270-0705-3 for >»-port) at the rear of the Mainframe. tIhis plate supports as 
many as three TC connecticns, providing plugs for both the modem and ‘utomatic 
Calling Unit (ACU) cables for each installation. This connector plate then 
attaches to a 22V26-series TC IOP. The top connectors (modem and ACU cables) 
on this plate attach to Port 1, the middle connectors attach to Port 2, and 


the bottom connectors attach to Port 3. (See Figure 3-20C.) 


TC 


MODEM #1 


=a © 
WLI #270-0705 — 
ACU 


WLI #270-0705-2 
MODEM #2 


L1#270-0705-5. 
MODEM #3 


o(-____1|@ 


ACU #3 


EFRFAe 
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FIGURE 3-20C TELECOMMUNICATIONS CONNECTOR PLATE 


741-9871-3 JL COMPANY CONFIDENTIAL 


VI.A.2.M.-0 


3.8.5 TAPE CABLE CONNECTORS 


Two ty,es of tape connector plates are available to attach tape drives to 
the mainframe. The two types of tape connector plates are: Kennedy tape drive 


plate (WLI P/N 270-0911) and Telex tape drive plate (WLI P/N 270-0741). 


For the Kennedy tape dive, two sockets are located on the plate for 
attachment to the drives. The top socket receives che data cable and the 
bottom socket receives the control cable. Note the orientation of the cable 


plug when inserting it into the socket. 


For the Telex tape drive, three sockets are located on the plate for 
attachment to the drives. The top socket receives the control cable, the 
middle socket receives the data cable, and the bottom socket receives the 
status cable. Note the orientation of the cable plug when inserting it into 


the socket. See figure 30-20D. 


—— WLI #270-0911 
TAPE 


DATA #2 


CGNTROL #1 


FIGURE 3-20D KENNEDY TAPE CABLE CONNECTIONS 
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WIL.! #270-0741 
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FIGURE 3-20E TELEX TAPE CABLE CONNECTIONS 
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3.8.6 INSTALLING THE ARCHIVING WORKSTATION 


All VS-100 Systems are equipped with an Archiving Workstation (VS-AWS) as 
standard equipment. The VS-AWS, which consists of an Archiver Terminal and an 
Archiver Master Unit, provides the user with remote batch storage facilities 
that allow the archiving of WP documents (when used with suitable software and 
a 'C'-type keyboard), the storing and processing of VS/DP files, and the using 
of IBM compatible diskettes. 


The VS-AWS connects to the VS-100 through a WLI #120-2300 paired-coax 
signal cable assembly of up to 2000 feet in length, connecting to one port of 
a 22V27 Serial IOP assembly (see Figure 3-21). The only restriction when 
connecting a VS-AWS is that the two devices making up the Archiver must be 
assigned to consecutive device numbers on a common port with the Archiver 
Terminal ("S" or "UL" workstation) assigned to the EVEN numbered port and the 
Disk Unit assigned to the ODD numbered port. Refer to Chapter 4 for IOP 
switch settings on the VS-100. Refer to Category III.D.4 for more detailed 
information concerning the AWS-1. 


NOTE 
If the AWS-1 is used as W/S 0, the WP function cannot be used. 


3-9 PRELIMINARY SYSTEM CHECKOUT 


At this point, all peripherals should be installed, powered off, and 
attached to their respective I0Ps. Before proceeding, perform the following 
checkout procedure: 


1. Visually inspect all Mainframe circuit cards for correct switch 
settings and proper cabling configuration. 
. 2. Visually inspect all peripheral devices to ensure that I/O cabling is 
correctly installed, all switch settings are correct, and all covers 
and panels are in place. 


3. Ensure that all devices are powered off. 
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FIGURE 3-21 
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© 3.9.1 SYSTEM POWER-UP/POWER-DOWN PROCEDURES 


After all peripherals are connected to the Mainframe, the power-up from a 


cold start and power-down procedures for the VS-100 System are as follows: 


1. POWER+{UP 


a. Ensure that the Mainframe power connector is plugged into the wall 
receptacle. 

b. Power-Up Workstation #0 and the PRIMARY disk drive. 

ec. Switch the Mainframe circuit-breaker to the ON position. 
Press the Power-On button located on the Power Panel. 

e. Ensure that the system mir..code diskette is in the mini-floppy 
drive, and press the BT button. 

f. After successfully loading microcode, depress the Initialize 
button to begin loading the Operating System. 

g@. Workstation 0 will display CM FO4¥. Hit the 'BACKSPACE' key and 
type in F/R and the Physical Device Address of the disk the system 
Will be IPL'ing from. (Refer to Chapter 8 for details.) 


h. After successfully loading the OS, mount the disks and power-up 


all peripheral3. 

i. If this is a new installation, perform all applicable peripheral 
diagnostics. Refer to Chapter 8 of this document, the VS Service 
Program Guide, the VS Central Processor Micro-diagnostic Test 
mannual, and appropriate documents in Class. III for the necessary 


instructions. Ensure that all peripherals function correctly. 


2. POWER-DOWN 


a. Power-Down all peripheral devices according to procedures in the 


applicable documents in Classification III. 
b. Press the Power-Off button located on the Mainframe Power Panel. 


c. Switch the circuit breaker to the OFF position. 
3.10 SYSTEM TURNOVER 


© 1. Remove any scratch or Customer Engineering OS disk packs from the 
system disk drives. 


2. Mount the customer's OS pack and perform an IPL from this pack. 
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Log on to a Workstation and use the Command Processor display 
functions to display the files in the @SYSTEM@ library on the 
customer's Operating System pack. Check through the listed files to 
ensure the presence of all customer-purchased options. If the BASIC 
compiler was purchased by the customer, for example, the following 
files should be present in the @SYSTEM@ library: 

a. BASIC 

b.  WBIPASSI 

ec. WB2PASS2 
If the COBOL compiler was purchased, conversely, the following files 
should be present: 

a. COBOL 

b. WC1PASS1 

ec. WC1PASS2 
If the RPG compiler was purchased, oniy the following file should he 
present: 
a. "RPGII" 
Delete any of the above compilers not purchased by the customer from 
the related files using the Command Processor SCRATCH function. 
Mount customer scratch packs on all additional disk drives. (The 
customer determines which packs will be scratch packs.) Perform a 


disk initialization procedure on each of the customer's seratch packs. 


### CAUTION ##* 
Ensure that the customer's scratch packs have no files on them 
before performing the initialize procedure. Also, demonstrate to 
the customer or to the responsible computer operator how the disk 
initialization procedure is performed. Include in tue 
Gemonstrati.or a description of disk drive operations--including 
loadi:'g and unloading of disk packs, emergency power-down of the 


disk drive, and disk drive fault recovery. 


Perform the following "Evening Shut-down Procedure" and explain each 
step to applicable customer personnel: 

a. Ensure all workstations have been 'logged-off'. 

b. Press the 'CONTROL MODE! button on the VS5-100 front panel. This 


prevents a disk I/O command from being halted prior to compietion. 
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Cc. Place all drives in the "LOAD MODE" condition ‘heads unloaded). 

d. Power down all workstations. 

e. Power down all printers. 

f. Unload and power down all tape drives. 

Perform the following "Daily Start-up Procedure" and explain each step 
to applicable customer personnel: 

a. Bring all disk drives up to the ready condition. 

b. On Workstation #0, press the 'x" key and then the ENTER key. 

Cc. Power on all other workstations and press the HELP key at each 


workstation (a LOG-ON sereen should be displayed on each CRT). 
d. Power on all printers. 


€. Power on all tape drives. 

Allow the customer to test the system using his programs. If the 
customer is satisfied with the operation of the System, officially 
turn the system over to the customer. (As of this printing, there is 
no official form to sign, which effects turnover, nor has one been 


Proposed. This should be merely a verbal notification given by the CE 
performing installation.) 
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CHAPTER 4 
SWITCHES AND INDICATORS 


4.1 GENERAL 


This chapter provides the CE with tables listing all switches and 
indicators found on and in the VS-100 Mainframe. Included in this chapter are 
the provedures for using these devices and a brief statement on the purpose of 


each switch and indicator. 


Tables 4A and 4B list the switches and indicators found on the VS-1060 
along with a brief description of their purpose. Actual locations of the 


switches iwnd indicators are shown in Figures 4-1 and 4-2. 


Because of its function as a diagnostic tool. a detailed description of 


the Maintenance Panel is included in Chapter 8 of this document. 


TABLE 4A VS-100 SWITCHES 


SWITCH NAME/TYPE LOCATION PURPOSE 

Circuit Breaker Power Panel Applies input power to the Mainframe 
wher in the ON position. —_s_ 

Power-On Power Panel Applies power to the CP and 1/0 

Pushbutton Motherboards when activated. 

Power-Off Power Panel 

Pushbutton 

BOOT (BT) Control Panel 


Silver 


Removes power from the CP and I/0 


Motherboards when activated. 


Causes System microcode or diagnostic 


microcode to be loaded into Control 


Pushbutton Memory from the mini-floppy drive. 


CONTROL MODE Forces System into Control Mode. 


Red Pushbutton 
Causes System to IPL from primary disk 


Control Panel 


Control Panel 


INITIALIZE 
Green Pushbutton 
SYSTEM LOAD 
Black Pushbutton 


drive and System clock will be reset. 
Control Panel | Causes System to IPL from primary disk 


drive, System clock will not be reset. 
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TABLE 4A VS-100 SWITCHES (cont'd) 


SWITCH NAME/TYPE 


L ‘CATION 


Maintenance Maintenance 


| Panel Switches 
-5VA, —5VB, 
+i2VA, +12VB 
Adjustment POTs 
+5VA, +5VB 
Adjustment POTs 


Panel 


Linear’ Power 


Supply Front 
Cover 
Switching 
Power Supply 


Front Cover 
Memory Size 7604 Cache 
DIP-Switches | 
IOP Address IOP Circuit 


Cards 


TABLE 4B 


INDICATOR NAME/TYPr 
Power-On LED 


LOCATION 


Power Panel 


PURPOSE 

Refer to Chapter 8. 
Adjusts the indicated voltage up or 
down, as needed. Refer to Chapter 6 
For details. . 

Adjusts the indicated voltage up or 
down, as needed. Refer to Chapter 6 
for details. 

Used to deteriuine Main Memory Size. 
Refer to Paragraph 4.6 for details. 
Used to set Device Address ror each IOP 
on the I/O Motherboard. 


4.7 for details. 


Refer to Para- 


VS-100 INDICATORS 


PURPOSE 
Indicates Power-On Switch 


Power-Off LED Power Panel 


+5VA, +5VB, +12VA, 
Voltage Sensing LEDs 
Voltage Test Points 

Power-On 

Indicator LED 


Linear Power 
Supply 
Linear Power 
Suppl 


Front Panel, 


most LED _ 


Top Row, Left- 


activated. Power applied to 
Motherboard when lit. 
Indicates Power-~-Off Switch 
activated. All Power except 

-15VDC to TC IOP removed from 

Motherboard when lit. 


Six LEDs indicate designated volt- 


ages are within limits when lit. 


Operating voltages for the Main- 
frame measur2d at these points. 
Indicates power is applied to the 
CPU when lit. 
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TABLE 4B VS-100 INDICATORS (cont'd) 


INDICATOR NAME/TYPE LOCATION PURPOSE 
READY LED 


Front Panel, Indicates successful microcode loa 


Top Row, Second 
LED From Left 


when in steady-on state; unsuccess 
ful load when flashing. 


Indicates CPU is in the HALT state 
when lit. 


CP HALT LED* Front Panel, 
Top Row, Third 
LED From Left 
CM PARITY ERROR Front Panel, 


LET * 


Indicates an error in Control 


Top Row, 
Rightmost LED 


Front Panel, 


Memory when lit. 


IOP Parity 
Error LEDs 


Sixteen LEDs, one for each IOP 


slot on the I/O Motherboards. 


Bottom Four 
Rows indicate occurrance of parity 
error on a specific IOP when lit. 


Refer to Chapter 8 for details. 


oan SS 


Maintenance Panel Maintenance 


Indicators _ 
ECC Indicator 
LEDs 


Panel 
Top Evze, 7605 


System 3us 


Eight LEDs that keep count of all 


Single-bit parity errors detected 
Controller and corrected by the system. LEDs 
keep a continuous count of errors 
that occu. 


Eight LEDs indicating which IOP is 


IOP Activity LEDs Top Edge, 7611 


Bus Adapter 


active at any given time. 
card | 
Diskette Activity When lit, indicates that drive is 


LEDs 


Front of mini- 
flopp 


drive in use. (Drive head is loaded.) 


* Chi Parity Error and CP HALT LEDs both light during a microcode load 
operation. Ignore these displays, neitner irdicator reflects a 


& valid trouble condition until after the VS-100 is initialized. 
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4.2 POWER PANEL 


Source-power is applied to the VS-100 Mainframe through the Power Box. 
Located on the front of the box are the Mainframe circuit~breaker, the 
Power-On Pushbutton, the Power-On LED, the Pcwer-Off Pushbutton, and the 
Power-Off LED. (See Figure 4-3.) 


To apply power to the Mainframe, switch the Mainframe circuit-breaker ON 
and press the Power-On Pushbutton. When the Power-On button is engaged, the 
Power-On LED is lit, indicating that power is being supplied to the Switching 
and Linear Fower Supplies. If this LED does not light or goes on then 


extinguishes, a power supply problem exists orn the System. 


Removing power from the Mainframe consists of depressing the Power-Off 
Pushbutton and switching the circuit-breaker OFF. If the circuit-breaker is 


left ON, the Power-Off LED remains lit and the System fans remain on. 


POWER ON POWER OFF 
LED LED 


Pi 


POWER ON POWER OFF 
BUTTON — BUTTON 


A:N 


CIRCUIT-BREAKER 


FIGURE 4-3 POWER PANEL SWITCHES AND INDICATORS 
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4.3 FRONT PANEL CONTROL BUTTONS 


Located in the top right-front corner of the Mainframe, the Control 
Buttons allow the user to load System or diagnostic microcode, initialize the 
System, or force it into the Control Mode. These pushbuttons are part of the 
Front Panel board (210-7613) and are hardwired direclty to it. The four 
buttons are as follows silver BOOT (BT) pushbutton; black (or silver, 


depending on model) CONTROL MODE pushbutton; green LOAD pushbutton; and red 
INITIALIZE pushbutton. (See Figure 4-4.) 


4.3.1 BOOT PUSHBUTTON 


The silver BOOT button is used whenever operational or diagnostic 
microcode is loaded into the System. When pressed, this button causes the CPU 
to halt and load microcode from a diskette inserted in the mini-floppy drive. 
Successful loading is indicated by the READY LED on the Front Panel being 
lit--a flashing READY LED indicates the microcode failed to load properly. 


4.3.2 CONTROL MODE PUSHBUTTON 


Pressing the CONTROL MODE button sets the CM bit to one, forcing the CPU 
into the Control Mode. The CPU then issues an 'ALERT' command to BA 1 IOP 2 
Port 0 where Workstation O must be connect 4d. The VS-100 Control Mode is 
Similar in operation to the VS 60/80 Control Mode. Most CPU and System 


diagnostics are performed in the Control Mode. Refer to Chapter 8 for details. 


4.3.3 INITIALIZE PUSHBUTTCN 


The green INITIALIZE pushbutton, when activated, forces the System into 
the 'Initialized' state. In this state, the System is as follows: 


1. Main and Cache Memories, the Segment Control Registers (SCR's), and 
the CPU Reference and Change Table are all set to zero. 


2, The Page Table for Segment Zero (Operating System) i3 loaded into the 
T-Ram for access by the CPU--remaining T-Ram entries are faulted. 
36 The External Condition Register (ECR) is set to zero by the hardware 


as soon as the CPU begins executing microcode instructions. Because 
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zero equals Enable in the ECR, all System features under ECR control 
become enabled at Initialization. 

4. The BA-Inhibit bits IN1 and IN2 are set to zero. In this case, zero 
equals inhibit preventing any IOP commands from accessing the BA 
until the CPU acknowledges the BA. IN2 remains at zero if BA2 is not 
installed. 

5. The System Clock is zeroed and the Comparator bits are set to one. 
Because of this, the user must enter the Date and Time into the 


System whenever the System is Initialized using the INITIALIZE 
pushbutton. 


4.3.4 SYSTEM LOAD PUSHBUTTON 


The black SYSTEM LOAD pushbutton, when activated, causes the System to 
perform all functions as stated in Paragraph 4.3.3, steps 1 through 4. 
Because the System Clock is not zeroed and the Comparator bits are not set to 
one, however, use of the LOAD button eliminates the necessity of entering the 


date and time at the completion of initialization. 


CONTROL MODE | 


BT (BOOT) 
BUTTON 


INITIALIZ 


- ee eee ee ee 


FAN PANEL WING J 
FASTENER (4) ——»$ 


FIGURE 4-4 CONTROL PANEL SWITCHES AND INDICATORS 
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4.4 THE FRONT PANEL @ 


Acting as a monitor of System status, the Front Panel provides the user 
with pertinent information concerning the operating condition of al* I/0 
devices connected to the Mainframe as well as data concerning the CP status. 
The Front Panel consists of 20 LEDs arranged in five rows of four LEDs each. 
The top row of LEDs provides general CP information. The remaining 16 LEDs 
provide status checks on data transfers between the individual perinherals 


attached to the VS-100 and the Central Processor. (See Figure 4-4.) 


4.4.1 CENTRAL PROCESSOR INDICATORS 


The four indicators that make up the top row of LEDS on the Front Panel 
provide a quick check of CP status. The leftmost (Power-On) LED, when lit, 
indicates power has been successfully applied to the CP. The second (Ready) 
LED, when lit, indicates that microcode has been successfully loaded. When 
this LED is flashing, loading was unsuccessful. The third (Halt) LED ,when 
lit, indicates that the CPU is in the HALT state. The fourth (CM Parity 


Error) LED lights whenever the CPU detects any uncorrectable parity error in 
Control Memory. 


4.4.2 PERIPHERAL STATUS INDICATORS 


When lit, each of the remaining 16 Front Panel LEDs indicate the 
occurrence of a parity error in the control memory of the IOP associated with 
that particular LED. The first two rows of LEDs are associated with Bus 
Adapter 1, IOP numbers zero through seven. The second two rows of LEDs are 


associated with Bus Adapter 2, IOP numbers zero through seven. See Figure 4-5 
for LED assignments. 


4.5 INTERNAL INDICATORS 


Located within the CP chassis are several indicators that provide the CE 
with important system status indications. These indicators are the ECC LEDs 


and the IOP Activity LEDs. A brief description of these LEDs follows. (See _ 
Figure 4-2 for location.) 
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4.5.1 ECC INDICATOR LEDS 


Located on the 7605 System Bus Controller card, these eight LEDs are used 
by the System to keep a running count of all single-bit parity errors detected 
and corrected. When maximum count has been reached (all LEDs lit), the 


counter is zeroed and counting begins again. 


4.5.2 IOP ACTIVITY LEDS 


Located on the top edge of the 7611 Bus Adapter Card, these eight LEDs 
indicate which IOP is active at any given time. Whenever an IOP request for 
access to the CP is granted, the LED associated with that particular IOP 


lights and remains lit until the transaction is completed. 


4.6 MEMORY SIZE SELECTION 


An 8-position DIP switch located on the 7604 Cache Card and the number of 
7603 Main Memory card pairs on the CP motherboard determine the size of Main 
Memory. Incorrect altering of switch settings, or altering of switch settings 
without adding the correct number of memory cards, can result in CP hangups 
and loss of data. Adding cards without altering switch settings results in no 


change in apparent memory size to the CP. 


Switch settings on the Cache card are compared with the high-order memory 
adress bits (0-5) in L120 and L145 (7485 Comparator). If the switch setting 
is greater than or equal to the address bits, the System considers the address 
to be legitimate and *IMA goes High. If the switch setting is less than the 
address bits, *IMA goes Low (active) and the address is not processed. If the 
switches are set higher than the actual physical memory, nowever, the memory 
address will be accepted as legitimate and the CP will attempt to process the 


address. This can result in system hang-ups and possible data loss. 


As of this writing, maximum Main Memory size is 2-Mbytes~--four memory 
board pairs with 512-Kbytes of storage per pair. Minimum memory size is 512 
Kbytes with memory increasing in 256-Kbyte increments, using half-loaded and 
fully loaded memory cards, until maximum size is reached. Figure 4-6 provides 


a set of tables for determining switch settings for different memory sizes. 
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4.7 IOP SWITCH SETTINGS 


An eight-position DIP switch on each IOP motherboard determines the 
location of the IOP on the I/O Motherboard. On all boards except the TC IOP, 
switches 1, 2, and 3 determine the Bus Adapter selected; switches 4, 5, and 6 
determine the I/O slot on the motherboard; switches 7 and 8 are not used at 
this time. Refer to Figure 4-7 for an explanation of the switch settings for 


all IOPs except the TC IOP, which is shown in Figure /!-8. 


| 10P 
2 ee ee SELECTION 


a a He 
5 SELECTION 


7 es : NOT USED 
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ON = ACTIVE 


* FOR FUTURE EXPANSION 


FIGURE 4-8 TC IOP BOARD SWITCH SETTING 
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CHAPTER 5 
INITIAL PROGRAM LOADING AND SYSGEN 


3.1 GENERAL SYSGEN INFORMATION AND REFERENCES 


The VS-100 uses a dynamic SYSGEN procedure that simplifies the creation of 
a uMique Operating System. With the dynamic SYSGEN, the user can create a 
configuration almost at will. Configurations can he created and stored on the 
System disk or the user can create a one-time configuration for a particular 


need at IPL. 


B cause of the on-going changes to the VS SYSGEN Procedres, the SYSGEN 
Procedure instructions are being deleted from the VS-100 Product Maintenance 


Manual. The following are reference materials to be used when SYSGENing the 
VS-100: 


For the complete SYSGEN procedures refer to VS System Management Guide, 
WLI P/N 800-1104SM-03. 


For further information concerning changes and additions to the VS 
Operating System for Release 6.0, refer to VS Software Bulletin, Release 6.0, 


WLI P/N 800-3111-01. 


5.2 DETERMINING PHYSICAL DEVICE ADDRESS (PDA) 


Before IPLing, it may be necessary to change the Physical Device Address 


(PDA) of the IPL device. The following shows how to determine the PDA. 


1. After pressing the Initialize pushbutton, Workstation #0 will display 
the following: 


CONTROL MODE ROO 


2. a. If ROO (the default address) is the Physical Device Address (PDA) 
of the system disk (or the IPL disk), press ENTER to IPL. 


5-1 


6102 


F hand 


b. If ROO is not the desired PDA, press the bACKSPACE key and enter 


F (for a fixed disk) or R (for a removable disk). 


Calculate the PDA as follows: 


(1) Determine the BA, IOP, and Port numbers of the System disk. 


(2) Construct an 8-bit word as follows: 


BIII PPPP 


Where: 8 = O for BAl 
= 1 for BA2 


ITI = 000 for 10P0 
= 001 for IOP1 
= 010 for I0P2 
= 011 for I0P3 
= 100 for IOP4 
= 101 for IOP5 
= 110 for IOP6 
= lll for IOP7 


PPPP 


0000 - 1111 for device 0 through 15 


(3) In the example below, if the disk is located on BAl, IOP1, 


Port 4, the 8-bit word is 0001 0100. Converting the 8-bit 
word to HEX format gives a PDA of 14. 


Lore 
fo | 12s 


BIT POSITION 


8-BIT word |o | 001 | o100 
nex REsuLT «=| | st | 4 | 
The LOAD command would then read: CONTROL MODE R14. @ 


c. Enter the PDA into the LOAD command and press ENTER. 
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CiIAPTER 6 
MAINTENANCE AND ADJUSTMENTS 


6.1 GENERAL 


This chapter consists of preventive maintenance requirements and necessary 
adjustments for the VS5s-100 Mainframe. Also included in this chapter is a 
discussion of the 'System Log Book’. 


6.2 PREVENTIVE MAINTENANCE 


Periodic maintenance is essential to the proper operation of the VS-100 
Mainframe and associated peripherals. Because of its design, the Mainframe 
requires a minimum amount of maintenance to ensure continued efficient 
operation. Scheduled maintenance for the Mainframe will be performed 


quarterly, and is as follows: 


© 1. Inspect and clean, if necessary, the filters attached to the front 
cover of the Mainframe. 

2. Inspect the interior of the Mainframe for any noticeable accumulation 
of dust or debris, or any loose hardware connections. Refer to 
Chapter 7 for disassembly procedures. 

3. Check and adjust, if necessary, the Power Supply voltages. Refer to 
Paragraph 6.4 for adjustments. 

4, Perform all applicable Mainframe and peripheral diagnostics. Refer to 
Chapter 8 of this document for Mainframe diagnostics and Category III 
for periheral diagnostics. 

5. Inspect all muffin fans for proper operation. Ensure that all fans 
spin freely and are not obstructed in any way. Replace damaged fans. 
Refer to Chapter 7 for replacement procedures. 

6. Inspect the mini-diskette drive read/write heads for any noticeable 


oxide build-up; clean if necessary. (Refer to Paragraph 6.5.4.) 
© 6.2.1 PERIPHERAL PREVENTIVE MAINTENANCE 


Refer to the appropriate documents in Classification III Categories A 
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through H for PM procedures for all VS-100 associated peripherals. _ 


6.2.2 TEST EQUIPMENT AND TOOLS 


The majority of all VS-100 Mainframe maintenance and repair procedures can 


be performed using the following tools and test equipment: 


1. Customer Engineering Standard Tock Kit (WLI P/N 726-9401) containing 
the following : 


a. Allen Wrench (Hex Key) Set. 

b. Small Slotted Screwdriver (insulated shaft) (WL #726-9406) - for 
voltage adjustments. 
Medium Phillips Screwdriver (WL #726-9407). 
Medium Slotted Screwdriver (WL #726-9408). 

e. Handle and Assorted Nutdrivers (WL #726-9478, 726-9469 through 
Q477). 


2. Digital Voltmeter - accuracy of at least +.1% of full scale and 1 mv. 


resolution factor. (Acceptable Type/Equivalent: FLUKE #8000A.) 

3. Oscilloscope with two X1 probes and/or two X10 probes. (Acceptable 
Type/Equivalent: TEKTRONIX #465.) 

4. Alcohol Pads - for R/W head cleaning (WL #660-0130). 


6.3 THE SYSTEM LOG BOOK 


Because of the size of the VS-100 CPU and the number of peripherals it is 
capable of handling, it is difficult for a CE to keep track of problems, P.M. 
schedules, and correct equipment revision levels. Add to these problems the 
fact that several different CE's may cover an account or different on-site 
shifts can be faced with different troubles, and it is readily apparent that 
repair and maintenance becomes more confusing as system size increases. For 
these reasons, a properly maintained system log book can be an important tool 
in cutting down duplication of effort when following ongoing or intermittent 


problems. It also allows for smoother and more co-ordinated shift turn-overs. 


Although Call Reporting Booklets serve an important function, they were & 
not designed for use with a large-scale computer system. To fill this need, 


the System Log Book has been created. The Log is designed as a means of 
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documenting and aiding in future troubleshooting of system faults; it should 


be updated only by the engineer who handles the trouble call. The System Log 


Book is divided into the following sections: 


1. Section One contains customer statistics that may be needed on a 
trouble call. Included in this section are emergency phone numbers 
(police, fire, etc.) and an Equipment Statistics sheet that will list 


all equipment attached to the system, along with the serial numoers 
and other vital statistics. 


2. Section Two is the software/hardware update section. Each update/ECN 
will be logged in this section for quick reference. Each update/FECN 
Will also appear in the quick log and device log for a particular 
piece of equipment. 

3. The Quick (or 'Running Fault') Log composes Section Three. All 
service calls will be logged here. The date and time will be logged, 
as well as the type (software or hardware) of fault. The device 
number, a brief description of the fault, and the signature of the CE 


answering the call will also be included here. 


4, Section Four consists of a series of device categories (Disk, Tape, 
Etc.) where problems associated with individual pieces of equipment 
will be logged. These categories will serve as the Device (or 
‘Equipment History') Logs. Entries should include all symptoms and 
information gathered by the CE(s) involved and a step by step 
description of the solution. Everything done to the system should be 
included whether or not it solved the problem. This expedites 
follow-up repairs in areas where a new problem may have been 
inadvertently injected during a long troubleshooting procedure. This 
section is designed to help the C.E. taking a call at an unfamiliar 
site. It also aids the site C.E. in troubleshooting a long-term or 
intermittent problem. | 

5. The last section of the system log is the Preventive Maintenance 
Schedule. Each piece of equipment for the system wiil be listed by 
model and serial number on a chart containing maintenance date 
headings. Next to each device a letter (Weekly, Monthly, Quarterly, 

& Semi~Annually, or Annually) specifying required maintenance intervals 
will be placed in the column that corresponds to the imaintenance date 


written in at the chart top. 
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A properly maintained System Log Book can be a valuable troubleshooting 
aid to the CE. It provides the CE with complete maintenance and problem 


histories for each device on a customer's System. 


6.4 MAINFRAME VOLTAGE ADJUSTMENTS 


Voltage adjustments are performed at initial installation and every three 
months thereafter. All adjustment pots except the +5VA and +5VB pots, all 
test-points, and all voltage-sensing LED's are located on the Wang linear 
power supply chassis. The +5VA and +5VB voltage adjustment pots are located 
on the front of the individual switching supplies. (See Figure 6-1 for test 


point locations.) 


The following voltages and their limits, listed in the sequence they 


appear on the power supply unit, are checked and adjusted on the VS-100. 


VOLTAGES VOLTAGE AT TEST POINT OPERATING LIMITS 
+12VA +12.1 +0.1V 
+12VB +12,.1 +0.1V 
+5VA +5. 1 +0.1V 
+5VB +5.1 +0.1V 
-5VA 5.1 +0.1V 
-5VB -5.1 +0.1V 


6.4.1 VOLTAGE SENSING LEDS 


The Voltage Sensing LEDs are located on the Wang Linear Power Supply 
chassis to the left of the voltage test points. These LEDs indicate whether 
or not the correct voltages are being applied to the Mainframe. At initial 


power-up these LEDs light in sequence as the different voltages are applied to 
the Mainframe. 


NOTE 
The voltage-sensing LEDs indicate a trouble condition when they 
are NOT lit; normal status is ON. These LEDs merely indicate that 
the voltage is present at the power supplies, they do not indicate 


that actual voltage on the motherboards is correct. 
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*+5VA AND B POTS ARE LOCATED ON THE 
INDIVIDUAL SWITCHING SUPPLIES. 


VOLTAGE ADJUST 
TABLE 


OPERATING OPERATING MARGINAL ERROR- 
LIMITS TESTING LIMITS 


OUTPUT 
VOLTAGE™* 


VOLTAGE 


+0.1 (+2%) 
+0.1 (+2%) 
+0.1 (+2%) +0.25 (+5%) 


7 ALL MEASUREMENTS MADE AT TEST POIN’S ON LINEAR POWER SUPPLY 


FIGURE 6-1 VOLTAGE TEST-POINT AND ADJUSTMENT POT LOCATIONS 
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6.5 THE MINI-DISKETTE DRIVE j 


The VS-100 uses a Shugart SA-400 minifloppy drive for loading operational 
and diagnostic microcode into Control Memory. The SA-400 is used as a 


READ-ONLY device; the VS-100 cannot write onto a diskette in the drive. 


The mini-diskette used in the SA-400 contains 35 tracks divided into 10 
sectors per track. Each sector contains 256 bytes of data, providing a total 
of 90-Kbytes of storage. On the VS-100, the CP micro-program resides on the 
first 15 tracks of the diskette. 


When the silver 'BT' button is depressed, data is transferred directly 
from the diskette to Control Memory, bypassing the data path used in 
communicating with other peripherals attached co the Mainframe. Data is 
transmitted from the diskette starting at Sector 0 and gated into Control 
Memory starting at micro-location 0; data transfer continues until all 


microcode instructions are transmitted. 


6.5.1 THE MINI-DISKETTE DRIVE CONTROLLER 


Because the SA-400 is employed as a read-only device, the drive controller 
board governs data transfers FROM the mini-diskette drive TO the VS-100 
Control Memory (CM). Data is transferred in 256-byte blocks to the CM one 
byte at a time from the drive. A Z80 CPU on the mini-disk controller board 


monitors the searching of tracks and sectors on the diskette. 


The Z80 CPU uses three main commands when communicating with the 


minifloppy drive: 
1) INOO - Used ta enable a byte of data on the data bus. 


2)  INO1 - Used to read track, sector and error status conditions. 
ZD7 - ON (One) - CRC ERROR 
ZD6 - ON (One) - SECTOR MARK 
ZD5 - ON (One) - INDEX MARK 
ZD4 = ON (One) - TRACK ZERO 
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3) OUTOO - Used to control the minidiskette drive. 
ZD5 - ON (One) - Syne Pulse present 
ZD4 - ON (One) - TURN ON the Re ‘jy Light 
_ OFF (Zero) - TURN OFF the keady Light 
ZD3 - ON (One) - Supply the initialize pulse to the VS-100 CPU 
ZD2 - ON (One) - MOTOR ON 
ZD1 - ON (One) - DIRECTION pulse ON 
ZDO - ON (One) - STEP pulse ON 


6.5.2 DATA SEPARATOR THEORY 


READ DATA®, a combination of clock and data pulses coming from the 
diskette, enters the controller at L13 pin 1, where the signal is amplified 
and inverted. From the inverter, READ DATA*® appears at pins 13 and 10 of L7. 
Also present, at L7 pins 9 and 12, are the clock and data separator signals 


from pin 7 and pin 10, respectively, of L6. 


The output signal at L7 pin 11 is the data separated from READ DATA*. The 
output signal at L7 pin 8 is the clock pulse. The data signal appears at L14 
pin 4 and is gated out of L14 at pin 5 by the occurance of the clock signal at 
Li4 pin 3. From here the data signal appears at pins 1 and 2 of L3, a serial- 
to-parallel 8-bit shift register. At this time, the data is converted from 


serial to parallel: most significant bit at pin 13, least significant at pin 3. 


The decode of the three syne bits (011, a combination of SYNC*, and L3 
pins 4 and 5) by L8 produces a LOW, which is applied to L22, forcing the 
output of pin 8 (¥*Q,) low. This low is applied to L23 pin 1, clearing it. 

L23 is an asynchronous clear counter, preloaded to one, used to count the 8 
bits of each data byte. At the count of 8, the output at L23 pin 11 goes HIGH 
clocking L4 pin 11 and holding the byte of data until L4 receives INOO (out 
enable signal) at pin 1. When a byte of data is ready for transfer to control 


memory, A1i5* is applied to L5 pins 1 and 19. 


As soon as INOO is applied to L4 pin 1, data is transferred over the data 
bus lines via L5 to control memory along with the address, which is 
transferred via L1 and L2. The Z80 CPU on the disk controller supplies and 


keeps track of this address. 
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After every 256 bytes of data, two CRC bytes are read into L34 and checked & 
by the Z80 CPU. If the CRC check produces a zero output at L34 pin 13, no 
error has occurred during the data transfer to Control Memory. If an error is 


detected, the Front Panel READY LED on the VS-100 chassis flashes. 


After successfully reading all sectors, the Z80 causes the READY LED on 
the front panel to go to the steady-on state. 


6.5.3 MINI-DISKETTE DKIVE DATA SEPARATOR ADJUSTMENTS 


Because data and clock signals enter the minifloppy drive controller board 
combined in one signal called READ DATA*®, the clock pulses must be separated 
from the data. This is done in the Data Separator circuit. The two separator 
pulses are outputs of a VCO, and must be in syne with READ DATA* for the Data 
Separator to function correctly. This procedure details the steps required to 


align the separator pulses with READ DATA*. 
6.5.3.1 REQUIRED EQUIPMENT _ 


1. Tektronix 465 Oscilloscope (or equivalent) 


. 68-inch clip lead 


2 

3. Phillips screwdriver 

4, Mini-Diskette (any known good diskette available) 
5 


. Narrow-blade screwdriver for pot adjustments 


6.5.3.2 PRELIMINARY PROCEDURES 


Before adjusting the separator pulses, perform the following: 


1. Power OFF the Mainframe and place the circuit breaker in the OFF 
position. 
2. If necessary, remove the top and front covers from the Mainframe. 
3. Remove the mini-drive from the Mainframe (see Figure 6-2) and set it 
UPSIDE down on an INSULATED work surface sufficiently low enough to 
re-attach the minifloppy connector plugs. & 
4, Re-attach the power and Maintenance Panel connectors and apply power 


to the Mainframe. 
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5. Insert the known good mini-floppy diskette. 
- If a dual-trace oscilloscope is being used, 3et it up as follows: 

a) Power-up the oscilloscope. 
b) Set Volts/Div to 2 Volts. 
2) Set Time/Div to 1 microsecond. 
d) Set Slope negative. 
e) Set Source to Channel one. 
f) Set Coupling to DC. 
g) Set AC-GND-DC to DC. 
h) Set Vert Mode to CHOP. 
i) Ensure that probes are grounded. 
j) Connect the clip lead from TP. (L19-6) to ground. 
k) Connect probe 1 to TP, (L6-7). (See Figure 6-3.) 
1) Connect probe 2 to TP, (L6-9). (See Figure 6-3.) 


6.5.3.3 PERFORMING THE ADJUSTMENT 
Adjust the Clock Separator pulse as follows: 


1. The display obtained from TP, is the Clock Separator signal. The 
total waveform period must be 8 microseconds from the trailing edge of 
the first pulse to the trailing edge of the second pulse. 

2. Adjust R2 on the mini-disk controller board until the negative portion 
of the waveform is exactly six microseconds long. The positive-going 
portion of the waveform must be two microseconds long. 

3. If an 8-microsecond pulse cannot be obtained, either the diskette is 
defective or the drive itself is bad. Attempt the adjustment 
procedure using a new mini-diskette. If no change in waveform occurs, 


replace the drive. 
Adjust the Data Separator pulse as follows: 


1. The display obtained from TP, is the inverse of the actual Data 
Separator pulse. The total waveform period of this pulse must be 8 
microseconds from trailing edge to trailing edge. 

2. Adjust R1 on the mini-disk controller board until the negative portion 


of the waveform is exactly five microseconds long. This portion is 
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the window that allows the data bits to be gated through the NAND ® 
gate. The positive-going waveform must be three microseconds long. 
It prevents Clock signals from passing through the NAND gate. 
3. If an 8-microsecond pulse cannot be obtained, either the diskette is 
defective or the drive itself is bad. Attempt the adjustment 
procedure using a new mini-diskette. If no change in waveform occurs, 


replace the drive. 


If a single trace osciiloscope is used, the procedures remain essentially 
the sam2. The oscillscope settings must be changed, however, when going from 


TP, to TP. Refer to the settings given in Paragraph 6.5.3.2. 


CHASSIS 
CROSS-MEMBER 
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CONTROLLER 
BOARD 
210-7610 


FIGURE 6-2 REMOVING THE SA-400 MINIDISKETTE DRIVE 
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FIGURE 6-3 CONTROLLER BOARD CONNECTOR 
AND TESTPOINT LOCATIONS 


6.5.4, CLEANING THE DRIVE HEADS 


As part of the normal maintenance routine, the minidiskette drive heads 
Will be inspected for dirt or damage. If an oxide build-up is detected during 
this inspection, the heads must be cleaned to ensure continued proper 


operation of the drive. Clean the heads as follows: 


#8 CAUTION##® 


Cleaning methods and materials other than those specified 


below can permanently damage the head and should be avoided. 


1. Remove the mini-drive as described in Paragraph 7.9. 
2. Lift the load arm off the head, being careful not to touch the load 
button. 
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With an alcohol pad (WL #660-0130), lightly wipe the head. 


After the alcohol has Evaporated, lightly polish the nead with a 
clean, lint free tissue. 


5. Gently lower the load arm back onto the head. Do NOT let the load arm 


Snap back into place as this could permanently damage the drive head. 
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CHAPTER 7 
REMOVAL/REPLACEMENT PROCEDURES 


7.1  REMOVAL/REPLACEMENT OF MAJOR MAINFRAME COMPONENTS 


This chapter describes the steps involved in removing and replacing or 


re-installing all major field-replaceable components in the VS-100 Mainframe. 


7.2 TOP COVER REMOVAL 


At the rear of the Mainframe, two slot-head fasteners secure the top cover 
to the back panel. (See Figures 7-1 and 7-1A.) Using a wide-blade 
screwdriver, disengage the fasteners by turning them 4-revolution 
counter-clockwise. With the fasteners free, slide the top cover 2-3 inches to 
the front to disengage the top cover from the front cover catch. This frees 


the top cover from the main chassis. At the front of the Mainframe, firmly 


grasp the top cover on each side and lift it up and away from the chassis. 


Re-install the top cover by reversing this procedure. 
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FIGURE 7-1 TOP COVER REMOVAI. 
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7.3 FRONT COVER REMOVAL 
Remove the front cover as follows: (See Figures 7-2 and 7-2A.) 


1. Open the hinged panel on the right side of the frontcover and remove 
the Front Panel board from it. Hang the Front Panel board on the hook 
provided for it on the main chassis. (See Figure 7-9.) 

2. Remove the top cover as described above. 

3. With the top cover removed, use a flat-blade screwdriver to remove the 
screws located on the top left and right corners of the front cover. 

4, After removing the two screws, tilt the cover away from the chassis 
and remove the two ground straps located in the lower left and right 
corners of the cover. 

5. The front cover attaches to the lower part of the chassis by means of 
two metal tabs inserted into plastic slots on the chassis. Grasp the 


front cover firmly and lift it up and out of the chassis. 


Re-install the front cover by reversing this procedure. 
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FIGURE 7-2A FRONT COVER REMOVAL 
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7.4 FAN REMOVAL 


## # CAUTION ### 
Because of the high current passing through the connector block at the 


front of the chassis, power-down the Mainframe and place the circuit 


______—sibreaker_in the OFF position before performing the following procedures. 


The eleven cooling fans used in the VS-100 are mounted on a hinged fan 
assembly. Before an individual tan can be removed , the fan assembly must be 
lowered. Lowering the assembly alsc allows easy access to all circuit cards 
and motherboards. The following paragraphs describe the procedures involved 


in lowering the panel and removing a fan. 


7e4.1 LOWERING THE FAN ASSEMBLY 


Lowering the fan assembly requires the loosening of four wing-head stud 
fasteners, which secure the top of the fan assembly to the main chassis. (See 
Figure 7-3.) Loosen the fasteners by turning them }-revolution counter- 


clockwise. Once all fasteners are loose, grasp the top of the panel and pull 
it away from the chassis. Lower the panel to the down position. 


7.4.2 REMOVING A FAN 
Remove a damaged or defective muffin fan as follows: (See Figure 7-4.) 
1. Power-down the Mainframe and place the circuit breaker in the OFF 
position. 


- Disconnect the plug on the lower left corner of the fan to be removed. 


Remove the four screws securing the fan to the fan assembly. 


2 
3. Lower the fan assembly as described in paragraph 7.4.1. 
y 
5. Remove the fan from the panel. 


To install a fan, reverse the above procedure. 
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© 7.5 CIRCUIT CARD REMOVAL 


Two types of circuit cards are found in the VS-100: CP cards and I/0 


ecards. Following are the procedures to remove both types. 
7.5.1 REMOVING A CENTRAL PROCESSOR CIRCUIT CARD 


There are seven different CP cards found in the VS-100. The removal 
procedures for the different boards are given in the order in which they are 


found on the CP Motherboard. The cards are removed as follows: 


1. Power down the Mainframe «1 place the circuit breaker in the OFF 
position. 

2. Before removing the 7602 Control Memory card, disconnect the 16-pin 
ribbon cable from the component side of the card and the two cables 
attached to the left edge (as seen from the non-component side) of the 
card. Once the cables are disconnected. seuove the card by grasping 


the top corners and gently rocking tc from side-to-side while exerting 


a steady upward pressure. Onrz the card is free of the slot, ease it 
up and out of the Mainframe. 

3. Remove both the 7600 A-Bus and 7601 B-Bus cards in the manner as 
described in step dz. 

4, Remove the two 60-pin connectors from the top edge of the 7604 Cache 
Memory card that attach to the 7611 Bus Adapter card(s). Remove the 
two 64-pin connectors that attach to the 7605 System Bus Controller 
from the right edge of the 7604 Cache Memory card. Remove the Cache 
card in the same manner as previous cards. 

5. Remove the two 60-pin connectors from the left edge of the 7605 System 
Bus Controller (SBC) card that attach to the 7604 Cache card. Remove 
the two 60-pin connectors from the right edge of the SBC that attach 
to the 7611 BA card. Remove the SBC in the same manner as other cards. 

6. Remove the 7603 Main Memory cards in the same manner as previous cards. 

7. Remove the two 60-pin connectors from the top edge of the 7611 Bus 
Adapter (BA) card that attach to the 7604 Cache card. Remove the two 
60-pin connectors that attach to the BA from the right edge of the 


7605 SBC. Remove the BA in the same manner as previous cards. (There 


may be two BAs, depending on the number of IOP devices installed.) 
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& Re-install the circuit cards by reversing the above procedures. Ensure 
that all cables running to the various cards are re-installed in the correct 


locations and all cards are seated firmly in place. (See Figure 7-5.) 


725.2 REMOVING AN I/O ASSEMBLY 


As of this writing, there are four different types of I/O assemblies. All 


four types are removed in a similar manner, as follows: (See Figure 7-5.) 


1. Power down the Mainframe and place the circuit breaker in the OFF 
position. 

2. Remove all connectors from the top of the I/O assembly. Note the 
position of all connectors for later re-assembly. 

3. Grasp the I/O assembly at the top corners and loosen it from its 
motherboard slot by gently rocking it from side-to-side while exerting 
a steady upward pressure. 


4. Once the I/0 assembly is free, ease it up and out of the Mainframe. 


Re-install the I/O assemblies by reversing the above procedures. Ensure 
that all cables connected to the assemblies are re-installed in their 


appropriate locations and that all assemblies are seated firmly in place. 


7.6 MOTHERBOARD REMOVAL 


Because of the complexity of the task, removal of the CPU or I/0 
motherboard should be undertaken only if it has been determined conclusively 
that the fault is in the motherboard. The following paragraphs describe the 


procedures involved in removing the VS-100 motherboards. 


#8 # CAUTION ##® 
When re-installing the CPU or I/O motherboards, ensure that 
no conductive (metal) parts of the motherboard come in con- 
tact with the Mainframe chassis. This could cause a short 
to ground on the motherboard resulting in serious damage to 
@ CPU or I/O cards and assemblies. 
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7.6.1 CPU MOTHERBOARD REMOVAL 
Remove the 210-7608 CPU Motherboard as follows: (See Figure 7-6.) 


1. Power-down the Mainframe and unplug the power cord from the wall. 

2. Remove the top and front covers. 

3. Lower the fan assembly. 

y Remove all CPU circuit cards. Because of inter-board cabling, remove 
the Cache and SBC cards together. 

5. Once all cards are removed, remove the cables attached to motherboard 
connectors J1 and J47 through J50. (Callouts 1 and 2 on Figure 7-6.) 

6. Using a t-inch nut-driver, remove the two nuts securing the four wires 
to the back of the motherboard (callout 3). 

7. Using a 3-inch nut-driver, remove the nut securing the +5V supply 
cable to the motherboard. (At rear of Motherboard. } 

8. Remove all (8) Phillips-head srews located on the outer edges of the 
motherboard and the Phillips-head screws located between the card 
Slots on the motherboard (Callout 4) 

9. With all screws and nuts removed, grasp the motherboard and lift it up 


and out of the Mainframe. 


To re-install the motherboard, reverse the above procedure. Ensure that 
all screws and nuts are re-installed in their proper locations, and that all 
wires and cables are installed correctly. Ensure that no metal part of the 
motherboard makes contact with the Mainframe chassis (see CAUTION in paragraph 
7.6). Carefully re-install all circuit cards according to the layout in 


Chapter 3 and ensure that all card cabling is installed correctly. 


7.6.2 I/0 MOTHERBOARD REMOVAL 


Before removing either I/O motherboard, perform steps 1, 2, and 3 of the 
previous motherboard removal procedure. Remove the 210-7609 I/0 Motherboards 


as follows: (See Figure 7-7.) 


—_, 


- Remove the I/O motherboard closest to the CPU by disconnecting all 
cables from the IOP assemblies and removing the assemblies. 


2. Once all cards are removed, disconnect the cables attached to 
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FIGURE 7-6 CP MOTHERBOARD REMOVAL 
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motherboard connectors J1 through J4, and J37 through J40. (Callout 1 
on Figure 7-7.) 

3. Using a t-inch nut-driver, remove the four nuts securing the seven 
wires to the back of the motherboard (callout 2). 

4, Remove the Phillips-head srews located on the outer edges and between 
the card slots on the motherboard (callout 3). 

5. With all screws and nuts removed, grasp the motherboard and lift it up 
and out of the Mainframe. 

6. Remove the I/O motherboard farthest from the CPU motherboard by 
disconnecting all cables from and removing the IOP assemblies. 

7. Once all cards are removed, remove the cables attached motherboard 
connectors J37 through J40 and the cable from the front panel 
(210-7613) attached to J5 (callouts 1 and 4). 

8. Using a t-inch nut-driver, remove the four nuts securing wires to the 
back and front of the motherboard. (Callouts 5 on Figure 7-7.) 

9. Remove all (8) Phillips-head srews located on the outer edges of the 
motherboard and the four Phillips-head screws located between card 


slots on the motherboard (callout 6). 


10. With all screws and nuts removed, grasp the motherboard and lift it up 


and out of the Mainframe. 


To re-install the motherboards, reverse the above procedures. Ensure that 
all screws and nuts are re-installed in their proper locations, and that all 
Wires and cables are installed correctly. Ensure that no metal part of the 
motherboard makes contact with the Mainframe chassis (see CAUTION in paragraph 
7.6). Carefully re-install all circuit cards according to the layout in 


Chapter 3 and ensure that all assembly cabling is installed correctly. 


7.7 FRONT PANEL REMOVAL 


The 210-7613 Front Panel board in the VS-100 is attached to the hinged 
panel of the front cover by four clips. Remove the Front Panel as follows: 
(See Figures 7-8, 7-9, and 7-10.) 


1. Power-down the Mainframe. 
2. Open the hinged panel on the front cover and remove the board from it 


by gently spreading the clips that secure the board to the panel. 
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3. Remove the cables from connectors J1, J2, and J3 on the Front Panel. 

4, Unplug the Molex connector from J4. 

5. Hang the Front Panel on the hooks attached to the fan located just 
above the Front Panel. (See Figure 7-9.) | 

6. Remove the top and front covers from the Mainframe. (Refer to 
Paragraphs 7.2 and 7.3.) 

7. Remove the two Phillips-head screws securing the control buttons to 
the top right corner of the chassis. 


8. Remove the Front Panel and attached control buttons from the chassis. 


Re-install the Front Panel by reversing the above procedures. 


OTTO TOTO UOPedPeb bby; : be" ements 
‘ a eee ewe. wb. : 
Bend ia tts 


. - TO MAINTENANCE PANEL 


“ 


MOUNTING CLIPS | 
_ (REMOVE BOARD FROM DOOR — . 
WHEN REMOVING FRONT COVER) : / 


A 
, ‘- : : ’ 
. . . i . 
. . \ A 
. 7~ ° ies 
. ‘ 
uw : ee 
. ry 
: ae, "y 
‘ ‘ ‘, 4. 
- 
*. a ‘i ‘ = . D 
\ : , : : t e : ; 
af be . © . 
4 e . 
v , . 
. ‘ ‘ . 
- £ > 


"TO CP MOTHERBOARD J1 | 


» 


FIGURE 7-8 FRONT PANEL REMOVAL 


7-14 


VI.A.2.M-0 


$SS5 99999 
Or; TH Et 


De 


_ UL 


FIGURE 7-9 FRONT PANEL MOUNTED ON CHASSIS 


maga cae 


. | 


“B 4) 


p 


REMOVE TWO 
PHILLIPS HEAD 
\ SCREWS 


% 


FIGURE 7-10 CONTROL BUTTON ASSEMBLY REMOVAL 


\ 


im | 


7-15 


VI.A.2.M-0 


7.8 MAINTENANCE PANEL REMOVAL & 
Remove the 210-7614 Maintenance Panel as follows: (See Figure 7-11.) 


1. Power-down the Mainframe. 

2. Disconnect the cables from J2 through J6, and J8 and JQ. 

3. Unplug the Molex connector from J1. 

4, Remove the Phillips-head screws from each corner of the Maintenance 


Panel and lift the board away from the chassis. 


Re-install the Maintenance Panel by reversing the above procedures. 
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® 7.9 MINI-FLOPPY DRIVE REMOVAL 


The minifloppy drive attaches to the Mainframe chassis by means of two 
3-inch bolts that pass through the horizontal cross-brace extending across the 


front of the Mainframe. Remove the drive as follows: (See Figure 7-12.) 


1. Power-down the Mainframe and remove the top and front covers if 
necessary. (Refer to Paragraphs 7.2 and 7.3.) 

2. Disconnect the power and maintenance panel plugs from the mini-floppy 
controller board, located under the drive unit. 

3. Disconnect the ribbon cable from the right side of the controller 
board. 

4. Carefully remove the two screws that secure the drive to the 
Mainframe. Ensure that the drive does not drop out of position 
damaging either itself or a nearby power supply. 

5. Carefully remove the drive from the Mainframe, avoiding contact 


between the drive and adjacent equipment. 


Replace or re-install the drive by reversing the above procedure. 
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FIGURE 7-12 MINI-FLOPPY DRIVE REMOVAL 
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7-10 POWER SUPPLY REMOVAL 


Before the power supplies can be removed, the top and front covers of the 
VS-100 Mainframe must be removed (refer to Paragraphs 7.2 and 7.3). On EARLY 
versions of the VS-100, the powe. supply tray on which the power supplies are 
mounted must be pulled from beneath the Motherboards. Remove the tray as 
follows: (See Figure 7-13, callouts 1, 2, and 3.) 


### CAUTION ##® 
Because of the high operating voltages used in the Power Supplies, 


POWER-DOWN the Mainframe and REMOVE the plug from the wall receptacle 
before performing the following removal/replacement procedures. 


1. Using a 7/16-inch nut-driver, disconnect the ground bar on the 
switching power supplies from the Mainframe chassis (callout 1). 
2. Disconnect the motherboard +5V supply cables from the switching 
supplies (callouts 2 and 3). @ 
Firmly grasp the power supply tray under the front lip with both hands. 


—- WwW 


. Pull the tray as far forward as possible, using a firm steady pressure. 
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FIGURE 7-13 WITHDRAWING THE POWER SUPPLY TRAY 
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7.10.1 REMOVING THE WANG “INEAR POWER SUPPLY 


The Wang Linear Supply is located to the immediate left of the mini-floppy 
drive. The voltage test points, indicator LEDs, and adjustment pots are 


located on the front of this unit. Remove the linear supply as follows: (See 
Figure 7-14.) 


1. Remove the Phillips-head screw securing the linear-supply ground strap 
to the switching-supply ground bar. (See Figure 7-13.) 

2. Remove the two Phillips-head screws securing the bottom of the power 
supply to the tray. 

3. Two tabs on the rear of the power supply fit into two slots located on 
the tray. Carefully pull the supply forward out of the slots. 

4, Disconnect the Molex connectors attaching the linear supply to the 
power box and the switching supplies. 


5. Lift the supply up and away from the Mainframe. 


To install the linear supply, reverse the above procedure. Ensure that 
the tabs at the rear of the supply engage the slots on the tray when 


installing the supply, and that all Molex connectors are re-attached. 


7.10.2 REMOVING THE OEM POWER SUPPLIES 


The vendor-supplied (OEM) +5VDC Switching supplies are located to the 


immediate left of the linear supply. Remove as follows: (See Figure 7-15.) 


1. Determine which supply is to be removed and disconnect that supply 
from the ground bar. 

2. If both supplies are to be removed together, disconnect the chassis 
ground strap from the ground bar. 

3. Remove the Phillips-head screws securing the bottom of the power 
supply to the tray. 

4, Two tabs on the rear of each power supplies fit into slots located on 
the tray. Carefully pull the supply out of these slots. 

5. Disconnect the Molex connector attaching the switching supply to the 
linear supply. | 
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FIGURE 7-14 REMOVING THE WANG LINEAR POWER SUPPLY 
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FIGURE 7-15 REMOVING THE OEM POWER SUPPLIES 
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6. Lift the supply up and away from the Mainframe. 

7. If beth supplies were removed as a single unit, remove an individual 
supply by detaching it from the ground bar. This bar has been 
designed for use with power supplies of various dimensions. The arms 
securing the supply to the bar are adjustable allowing the use of 


power supplies from several different vendors. (See Figure 7-16.) 


To install the switching supplies, reverse the above procedure. Ensure 
that the tabs at the rear of the supplies engage the slots on the tray when 
installing the supply and that the Molex connectors are re-attached. Also 
check that the chassis ground-strap is re-attached to the switching-supply 


ground bar, if it has been previously removed. 


NOTE 
Each +5V power supply has its own fuse, located behind the muffin fan 
at the front of each supply (see Figure 7-16). If a +5V supply is not 
functioning, inspect this fuse first before removing the supply. 
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7.11 REMOVING THE POWER BOX 


The power box is located to the right of the mini-diskette drive. It 
connects the outside line voltage to the VS-100 Mainframe. Internal to the 
power box are filters used to smooth out transient voltage spikes and line 


current sureges. Remove the power box as follows: (See Figure 7-17.) 


HHA CAUTION HH 
Because of the high operating voltages passing through the power box, 


power-down the Mainframe and remove the plug from the wall receptacle 


be*ore performing the following removal/replacement procedures. 


1. Remove the top and f ont covers. 

2. Slide the power supply tray out from under the motherboards. 

3% Unplug the Molex connector attaching the power box to the linear 
Supply. 

4, Disconnect the two fan plugs, the two switching-supply plugs, and the 
linear supply plug from the top of the power box. 


5. Remove the two Phillips-head screws securing the box to the power 
supply tray. 

6. Two tabs on the rear of the power box fit into two slots located on 
the tray. Carefully pull the supply forward out of the slots. 

T. Disconnect the three wires attached to the line cord at the rear of 
the Mainframe chassis. Note the color code for these wires. 


8. Lift the power box up and away from the Mainframe. 
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7.12 VERY LARGE DISK ADAPTER BOARD 


7.12.1 INTRODUCTION 


This section describes the device switch settings for the 22V78/22V88 
Very Large Disk Adapter Board. The 22V78&/22V88 Very Large Disk Device Adapter 
Board is an addition to the existing 7114 SMD Device Adapter and the 8214 Dual 
Port SMD Device Adapter. It will control the single and dual port SMD type 


drives including 675 Meg drives. Four versions of the Device Adapter wiil be 
offered as listed below: 


A l Port Disk Controller 

A 2 Port Disk Controller 

A 3 Port Disk Controller 

A 4 Port Disk Controller 

A hardwired 2 bit code to define the version will be readable by the IOP. 
Each version will not be upgradable to support more drives. 
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FIGURE 7-18 210-8321 SMD/CMD DISK DEVICE ADAPTER 
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7.12.2 22V78/22V88 SMD/CMD DA SWITCH SETTINGS 


The two 8-position disk device type switches, SWl and SW2, define the 
type of drive connected to the SMD/CMD Device Adapter ports 0-3. Set the 
switches for the type of drive(s) to be connected to the system, 
referring to Figures 7-18 and 7-19, and Table 7A. On the #210-8318 
(l-port) and #210-8319 (2-port) adapters, SWl may not be installed. The 


switch location may be hard-wired to indicate that ports number 2 and 3 
cannot be used. 
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FIGURE 7-19 210-8321 SMD/CMD DISK DEVICE ADAPTER. 
DISK DEVICE TYPE SWITCH SETTINGS. 


BIT BIT BIT BIT 
[OPEN | OPEN | OPEN | OPEN | 
88 MEG SMD| OPEN | OPEN | OPEN | CLOSED 
B0_MEG CMD | OPEN | CLOSED | OPEN | OPEN 
60 MEG CMD | OPEN | CLOSED | OPEN | CLOSED 
50 MEG CMD | OPEN | CLOSED | CLOSED | OPEN | 


620 MEG SMD | CLOSED | OPEN | CLOSED | CLOSED 
NO DRIVE CLOSED | CLOSED | CLOSED | CLOSED 


TABLE 7A SMD/CMD DISK DRIVE TYPES. 


DRIVE TYPE 


6102 


© 7.12.3 PART NUMBERS 


This section contains a breakdown of the various part numbers used in 
ordering a Very Large Disk IOP for either a VS80 or VS1O0. 


Part Number Description 

212 - 3042 1 Port 22V78 Very Large Disk IOP for VS80 
212 - 3043 2 Port 22V78 Very Large Disk I0P for VS80 
212 - 3044 3 Port 22V78 Very Large Disk IOP for VS80 
212 - 3045 4 Port 22V78 Very Large Disk IOP for VS80 
212 - 3050 1 Port 22V88 Very Large Disk IOP for VS100 
212 - 3049 2 Port 22V88 Very Large Disk IOP for VS100 
212 - 3048 3 Port 22V88 Very Large Disk IOP for VS100 
212 - 3047 4 Port 22V88 Very Large Disk IOP for VS100 
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_ | CHAPTER 8 


DIAGNOSTICS 


8.1 GENERAL 


Two types of diagnostics are available to the VS-100: inner-level CP 
microcode diagnostics, and outer-level memory and peripheral diagnostics. 
With these diagnostics, the field-level CE is able to locate and repair most 
problems that occur in the System. All available diagnostics will be run 
prior to customer turnover as a check for System integrity. All currently 


available VS 60/80 on-line diagnostics will be available on the VS-100. 


Corporate Publications is in the process of documenting all available 
diagnostic and service programs relating to the VS family of data processors. 
This documentation will contain procedures for running and interpreting all 
available diagnostics. The documents are tentatively titled "VS SERVICE 
@ PROGRAM GUIDE" and "VS CENTRAL PROCESSOR MICRO-DIAGNOSTIC TESTS". 


8.2 VS-100 MICROCODE DIAGNOSTICS 


An important diagnostic tool for testing the VS-100 CPU is a series of 
microcode diagnostics available on mini-diskettes. Used in conjunction with 
the Maintenance Panel, these diagnostics enable the CE to routine all major 
CPU functions. Loaded by means of the mini-floppy drive built into the 
Mainframe, the microcode diagnostics consist of five different testing levels. 


The five levels and the CPU functions tested by each are as follows: 


Vs LEVEL 1--Tests op-codes needed for higher test levels. 


Operation/Component Tested Test # © 
Branch Unconditional 0010 
Instruction Counter 1010 


Branch True/False 


Status Opcodes | 2010 


Subroutine Stack 


Data Integrity 3010 
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1. LEVEL 1. (eont'd) 


Addressability 4010 
A/B Bus - Register 
Data Integrity 4110 
Register Select 4120 


= é. LEVEL 2--Tests additional op-code levels. 


Operation/Component Tested Test # 
Visual Verification 
Move, Shift Add/Sub 5000 


3. LEVEL 3--Tests process and Control Memory (CM) op-codes. From this 
point on all diagnostics are supported by the MONITOR program. 


Operation/Component Tested Test # 


R/W CM (Upper) 6010 
CM Parity Trap | 
R/W CM (Lower) 7010 
A/B Bus - Register 
Data Integrity 8010 
Register Select 8110 
Data Stack Data/Address 9010 
Translation-RAM 9110 


4, LEVEL 4--Completes process and op-code tests. 


Operation/Component Tested Test # 
Addition A010 

Overflow 
Subtraction A110 
Logicals 

AND, OR, XOR BO 10 
Move (MV, MC, MINC 

MDEC, MNUM) B110 
Shift (SHL/SHR/Zero/One/4) C010 
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& 4, LEVEL 4 (cont'd) 


Decimal Add/Subtract C110 
CCSET, STAT DO10 
Compare 

Arithmetic/Logical D030 
Add High/Low D110 


Current Halfword 
Counter/Comparator 


ECC/ECR, BTL, INIT, CLOCK 


5 LEVEL 5--Tests outer level of CPU and Control Mode. 


Operation/Component Tested Test # 


Memory Opcodes 


Ripple Opeodes AA10 
MARO/MAR1/MAR2 AA20 
Read/Write Opcodes AA30 
Doubleword Write AA50 
BNM (Macro-Stream) AATO 
Main Memory 

Invalid Address Trap DD10 
ECC Bank/Chip Addressing DD20 
ECC Moving Inversions DD30 
ECC Refresh DD4O 
Data Memory (DM) Data Bus/ 

Main Memory Parity Trap DD50 
DM Bank/Chip Addressing ~ DD60 
DM Moving Inversions DD70 
DM Refresh DD80 


Cache Memory 
Data/Tag Field Integrity 
Hit/Miss Logic 
CP Write Cache Update 
BA Write Cache Invalidate 
Parity Error Detection CC 10 
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5. LEVEL 5--(cont'd) 


system Bus Controller 
Extent Bit BB10 
Main Memory (MM) Bus BB20 
External Condition Register 
(ECR) Read/Write (RECR/WECR)  BB30 
ECC (MM Parity) BBY0 
Bus Transaction Log BB50 
Error Correction Code 
Data Register 
INIT - SWE Instruction BB60 
Bus Adapter 


Status TEST 1 
IAR/CAR Data Integrity TEST 2 
Write 8 Memory Operations TEST 3 
Write 16 Memory Operations TEST 4 
Write 32 Memory Operations TEST 5 
Write 64 Memory Operations TEST 6 
Read Deblocking TEST 7 
CAR Address Integrity TEST 8 
IAR Address Integrity TEST 9 
Control Mode (Alert) N/A 


8.3 THE MAINTENANCE PANEL 


The Maintenance Panel is used by the CE in conjunction with the microcode 
diagnostics for troubleshooting the VS-100 Mainframe. The Maintenance Panel 
consists of a 16-bit (4 HEX LEDs) IC register display, 14 address selection 
switches, an 8-position DIP switch, three control switches, and a 32-bit (8 
HEX LEDs) B-Bus display. 


When a fault (or successful completion) is detected by the microcode 
diagnostics, the results are displayed as a HEX ‘code! on the 16-bit IC 
Register display. This code is listed in the "VS CENTRAL PROCESSOR 
MICRO-DIAGNOSTIC TESTS" manual, which describes the test that failed, the 


function it was performing, and the most likely reason for failure. 
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© Once the CE has identified the failing card and recorded the error code, 
the card is sent to a Repair Depot. At the depot, repair personnel will run 
the same diagnostics the CE ran to verify the observations of the CE. This 
duplicating of trouble conditions results in fast turn-around time in the 


ultimate repair of the board. 
8.3.1 PERFORMING MICROCODE DIAGNOSTICS 
Load the microcode diagnostics into Control Memory as follows: 


Ve Insert the first microcode diagnostic diskette (WLI # not available) 
into the mini-floppy drive and press the silver BT (BOOT) button on 
the Control Panel (See Figure 3-18). This causes the CP to load the 
microcode into Control Memory. 


Cs Wait for the READY LED on the Front Panel to light. 


NOT, 
@ If LED flashes instead of remaining in the steady ON state, 
reseat diskette. If LED again begins to flash, insert another 
diagnostic diskette. If this does not correct the problen, 


Control Memory or the drive itself may be defective. 


or After loading the microcode, set all switches on the maintenance 
panel 8-position DIP switch to the ON position and depress the 
INITIALIZE button. (Refer to the Switch Configuration Table.) The 
program will now halt at Location 0000. There are some exceptions to 
this rule, such as TEST5000 (Visual Verification test) which stops at 
Location 0020. 

4, Place the RUN/STEP switch to RUN mode and press the STEP button. 
This causes the diagnostic program to begin executing. 

or Refer to the next sub-paragraph for an explanation of the 8-position 
maintenance panel DIP switch. This switch is used in conjunction 
with the micro-diagnostics which support the MONITOR program. At 
this time, these diagnostics reside in Test Level 3 and above. Also 

@ refer to the VS CENTRAL PROCESSOR MICRO-DIAGNOSTIC TESTS manual for 


interpretations of any trouble numbers that occur. 
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FIGURE 8-1 THE MAINTENANCE PANEL (210-7614) 
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© 8.3.2 MONITOR DIAGNOSTIC SWITCH 


The following is a brief description of the switch settings for the 
MONITOR Diagnostic Switch located on the Maintenance Panel. (OFF is ACTIVE.) 


NOTE 


This switcen is used with Level 3 and above micro-diagnostics only. 


1. Switch 1 OFF--HALT ON ERROR--test halts and ERROR CODE appears on 
B-Bus display if an error occurs. Consult the micro-diagnostic test 
manual and the program listings for error-code definitions. 

2. Switch 2 OFF--DATA DISPLAY--displays 'expected' and 'received' results 
of operations whenever an error has been detected. Used with HALT ON 
ERROR function to display contents of the File Register specified by 
switches 5 through 8. 

3. Switch 3 OFF--LOOP ON ERROR--prevents test from halting when an error 
occurs. The LOOP ON ERROR function puts the system in a very tight 

& loop utilizing only those instructions necessary to generate the fault 
condition. Switch 1 must be ON. Because LOOP ON ERROR can be used 
with an oscilloscope, this function is useful when troubleshooting to 
ohip level on a particular circuit card. 

4. Switch 4 OFF--LOOP ON TEST--Used to troubleshoot an intermittent 
error. Causes the specified subtest to eycle repeatedly from 
beginning to end until the error re-occurs. Setting switch 4 ON 
causes the routine to proceed to next subtest. LOOP ON TEST can be 
used in conjunction with HALT ON ERROR (SW1) or LOOP ON ERROR (SW3). 

5. Switch 5 OFF--SLOW CLOCK--For diagnostic purposes only, provides a 
means of proving marginal System errors. TT . use this function, CPU 
must be halted at CM location 0000. 

6. Switch 6 OFF--FAST CLOCK--For diagnostic purposes only, provides a 
means of proving marginal System errors. To use this function, CPU 
must be halted at CM location 0000. 

7. Switches 5 and 6 ON--NORMAL CLOCK--Returns clock to normal operating 
cycle. To use this function, CPU must be halted at CM location 0000. 

© 8. Switch 7 OFF--EXECUTE SINGLE TEST--Run test once and then halt. After 
halt, B-bus will display number of test that was run. Monitor Program 


will ignore other switches when this switch is OFF. 
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9. SWITCH 8 OFF--LOOP ON DISKETTE--Run diagnostic routines stored on @ 
diskette repeatedly. To stop looping, set Switch 8 ON. Monitor 
Program will ignore other switches when this switch is OFF. 

10. Switches 5, 6, 7, 8--FILE REGISTER SELECTION--To display the contents 
of a particular File Register, switches 5 through 8 must be set to the 
number of the specific register. The contents of the register are 
then diplayed on the B-Bus LEDs. The display represents the 
'expected' data from the execution of a specific opcode. To use this 
function, switches 1 and 2 must be OFF. Refer to Table 8A for File 
Register contents. 

EXAMPLES: Switches 1, 2, 7, 8 OFF (C3) displays contents of File Reg 3. 
Switches 1, 2, 6 OFF (C4) displays contents of File Reg 4. 


The KNOWN GOOD HALT for all tests is location 1FFF. Other halt locations 
not documented as valid halts indicate a documented error condition. Note 


that the MONITOR Program resides in all LEVEL 3 and higher tests. 


SW OFF ON | 
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FIGURE 8-2 8-POSITION MONITOR DIAGNOSTIC SWITCH 
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Even though Levels 1 and 2 of the microcode diagnostics are not supported 
by the MONITOR Program, all error halts are documented in the listings and 
manuals. Levels 3 and 4 are supported by the MONITOR Program. All error 
codes are fully documented in the listings and manuals, providing the expected 
data for the detected error condition. Level 5 is also supported by the 
MONITOR Program, except in situations where the system is unable to recover 


from an error condition caused by the hardware failing to respond to the CPU. 
TABLE 8A FILE REGISTER CONTENTS 


FILE REGISTER CONTENTS 


ERROR CODE 
RECEIVED DATA 


FROY 
ERROR DATA 


through 


FR11 

FR12 SAVE AREA FOR. 
WK1, WK2, AND 
MDR4 


FR15 
through 
FR 31 


UNUSED 


8.3.3 USING THE MONITOR DIAGNOSTIC SWITCH 


The following paragraphs provide a brief discussion of how the Monitor 
Diagnostic Switch is used in actual practice. These paragraphs outline basic 
procedures. As the CE becomes more proficient in its use, the diagnostic 


switch can be an invaluable troubleshooting aid. 


While a Level 3 or higher diagnostic test is halted at Location 0000, set 
switches 5 and 6 to regulate the System Clock for either SLOW, NORMAL, or FAST 
cycle time. (See Figure 8-2.) Depress the STEP button on the maintenance 
panel and the test will halt at Location OO1F. Reset all switches to the ON 


position and place those switches that pertain to the desired Monitor function 
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to OFF. For example, placing switch 1 in the OFF position causes the test 


being run to halt if an error occurs (HALT ON ERROR) during test execution. 


Should an error occur while using the HALT ON ERROR function, the test 
will halt and an ERROR CODE will appear on-the B-Bus display. Consult the 
program listings for an explanation of the cause of the fault and what area of 


the CPU the trouble occurred in. 


The DATA DISPLAY routine is usec to display '‘expected' and 'received' 
results of operations whenever an error has been detected. It is run in 
combination with the HALT ON ERROR function. Once a test has halted with an 
ERROR CODE present on the B-Bus LEDs, set switch 2 to the OFF position to 
display data. The configuration of switches 5 through 8 determine which File 


Register contents will be displayed on the B-Bus LEDs. 


For example, switches 1, 2, 7 and 8 in the OFF position (C3) displays the 
contents of File Register 3 (FR3), which is the 'expected' data from the 
execution of a certain opcode. By leaving switches 1 and 2 OFF, resetting 
switches 7 and 8 ON, and setting switch 6 OFF (representing a C4 
configuration) the contents of File Register 4 will be displayed. This is the 


'received' data from the execution of a certain opcode. 


Once an error has been detected and the test has halted, the LOOP ON ERROR 
function can be run. To use LOOP ON ERROR, place switch 3 in the OFF position 
and switch 1 to the ON position. This prevents the test from halting when an 
error occurs and puts the system in a very tight loop using only those 


instructions necessary to generate the fault condition. With this function an 


oscilloscope can be used to locate the problem. The LOOP ON ERROR function is 


useful when troubleshooting defective boards down to chip level. 


If an intermittent error occurs, the LOOP ON TEST function is used. To 
exercise this function, place switch 4 in the OFF position. This causes the 
specified subtest to cycle repeatedly from beginning to end until the error 
re-occurs. Resetting switch 4 to the ON position causes the routine to 
proceed to the next subtest. The LOOP ON TEST function can be used in 
conjunction with the LOOP ON ERROR function or the HALT ON ERROR function for 


fault isolation routines. 
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8.4 | VS-100 MEMORY AND PERIPHERAL DIAGNOSTICS 


Memory and peripheral diagnostics available to the VS-100 are divided into 
three categories: ON-LINE, STAND-ALONE, and CONTROL MODE. The following 
paragraphs provide a brief description of these diagnostics. For a detailed 
description of the actual test procedures, refer to the "VS SERVICE PROGRAM 
GUIDE" manual. 


8.4.1 ON-LINE DIAGNOSTICS 


With ON-LINE diagnostics (located in library @DIAGS@), The CE logs-on to 
the System through a workstation and executes a specific test routine, which 
runs under control of the Operating System (while customer is running). All 
currently available VS 60/80 on-line test routines will be available on the 


VS-100. Diagnostic programs currently available for individual peripherals 


are as follows: 


® 1. Tape Diagnostics: 


TPTEST42--Permits exercising of tape unit. 

2. Disk Diagnostics: 
FTU--Allows CE to do most disk read, write and control functions. The 
CE can do most of the disk alignment procedures without removing the 
disk drive from the system. 

3. Printer Diagnostics: 
PRTEST--Provides full character-set ripples on all 132 print 
positions, character broadsides, printing specific characters in 
specific columns, and test of spacing and format functions. Will 
attempt things unique to printer under test (i.e., variable pitch, 
loadable forms control, etc.). 

4, Telecommunications Diagnostics: 
TCTEST--Tests IOP memory, TC clock generation, DMA transfers, and IOP 
Loop Back. 

5. Workstation Diagnostics: 
WSTEST~-Checks screen and I/0 capabilities. 

© AWSTEST--Archiving Workstation test. 
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Memory diagnostics: 

SYSMEM--On-line version of FASTMEM, tests only those areas that the OS 
allows it to write to. Usually failures are reported as Machine 
Checks (system dies). Causes significant throughput degradation. If 
possible, use standalone FASTMEM diagnostic for routine trouble- 


shooting, and SYSMEM for intermittent problems. 


8.4.2 STAND-ALONE 


Using the stand-alone diagnostic routines (located in library @DIAGSA@), 


the CE creates a 'mini-operating system' with a menu display of all currently 


available stand-alone test routines. The CE then selects and executes the 


desired test. The customer cannot access the System while these tests are 


being performed. Currently available diagnostics are as follows: 


1. 


4, 


5. 


Stand-Alone Boot Loader--Displays diagnostic menu on Workstation 0. 
@SYSO00@ first loads the microcode file @MC2246S into the WS, then 
displays the diagnostic menu. 
Memory Diagnostics: 
FASTMEM--Checks Main Memory data cells, ECC cells, address errors, 
pattern sensitivity, and address-to-data conflicts. Displays 
failing chip locations. 
Disk Diagnostics: 
INITDISK--Provides same functions as DISKINIT (Initialize, Verify,,. 
Relabel, Reformat) but in off-line mode. 
FTU--Allows the exercising of disk units still connected to the 
system. Permits verifying, reading and writing, initializing, 
positioning heads, and alternate seeks. 
VERIFY--Will be replaced by INITDISK. Verifies that a disk can be 
read. Lists errors by address. 
System Diagnostics: 
SYSTEST--Identifies and tests all devices, and logs error counts. 
Use at installation or when exercising multiple I/O operations. 
Other Diagnostics: 
COPY--Performs the same functions as the On-line version of the 


COPY program. 
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GENLIST--Will identify units to build a sample CONFIG file 
relating to actual system configuration, which should require 
little modification to permit a SYSGEN. 


8.4.23 CONTROL MODE 


Control Mode is a CPU state where normal programming activities are 
suspended and certain other facilities (mainly diagnostic and initialization) 
are made available to the user. These facilities are divided into two groups 


of commands as follows: 


1. LOAD Group -- contains commands for initializing the OS, loading a. 
Stand-alone program, loading a diagnostic program, or restarting a 
program from an initialized state. 

2. DEBUG Group ~-- contains commands for displaying or modifying Main 
Memory, general registers, control registers, or the PCW. Also 


included in this group are commands for single step program execution, 


hard copy dump of memory and registers, and virtual address 


translation. 


Control Mode uses Workstation 0 for communications between the operator 
and the System. To enter Control Mode, Werastation 0 must be powered-on. 
Control Mode uses only the top line of the CRT display (line 1); the contents 
of the line are saved on entry and restored at exit. This makes Control Mode 
transparent to any program that may be using Workstation 0. For a detailed 
discussion of Control Mode commands, refer to Chapter 8 of the VS Principles 
of Operation manual (800-1100P0). All standard VS 60/80 control mode 
functions are available on the VS-100. 


8.5 CONTROL MODE DUMP 


This procedure allows the user to dump the contents of certain areas of 


Main Memory to a specified disk drive or tape for later analysis. 


SS | ### CAUTION### 


Control mode dump will destroy the VTOC on the pack 


being dumped to, it will NOT destroy the label. 
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To begin a Control Mode dump, proceed as follows: 


1. Place System in Control Mode. 
2. Record the displayed current Program Control Word (PCW). 
3. Key in: P 000070 (ENTER) -- Where 'P' is the Physical Memory 


Address. This displays the Master Control Block (MCB) pointer, as 
follows: 


AAAAXXXX XXXXXXXX 
Where AAAA is the address of the MCB and X = "don't care". 
4. Key in: P OOAAAA (ENTER) -- Where AAAA is address of MCB from Step 
3. This displays the first 8 bytes of the MCB, as follows: 
XXXXXXXX XXXXDDDD 
Where DDDD is the address of the dump program in main memory and X 
= "don't care". 
5. Key in: W (ENTER). 
This will display the present PCW. 
6. Key in: M OOOODDDD 00000000 (ENTER) -- Where DDDD is the address of 
the dump progran from step #4. All other places must be zero-filled. 
7. Key in: P OODDD(D-2) (ENTER) -- Where DDD(D-2) is the dump program 
address from step #4 minus two. This will display a portion of memory 
as follows: 
QQQQXXXX XXXXXXXX 
Where QQQQ is the Physical Device Address (PDA) of the device 
receiving the memory dump. Construct QQQQ as follows: 
BBBI IIPP PPPP PPPP 
Where: BBB = BA #; III = IOP #; PP PPPP PPPP = Port # 
Example: 2401 = BA #1, IOP #1, Port #1. 
8. Ensure that the device being dumped to is net ready. 
9. Key in: W (ENTER). 
10. Key in: X (ENTER). At this point the DUMP program assumes control 
and forces the CPU back into Control Mode. 
11. Remove the Control Mode bit from the PCW as follows: 
XXXXXXXX ZXXXXXXX is the PCW where Z is the digit containing the 
Control Mode bit -- bit 3 of the digit. Remove the bit by typing 
M, spacing to the Control Mode digit, and modifying it to turn off 
(setting to zero) the Control Mode bit. Ensure that only the } 
Control Mode bit is changed -- i.e., If digit = 4 change it to 0; 
if digit = C change it to 8. 
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12. Key in: X (ENTER). This will start the dump waiting for pack or tape 
mount on drive. The dump will go to that drive upon unsolicited 
interrupt, and the System will fall into the Control Mode with: 

PCW = XXXXXXXX COOOCO00 


This completes a memory dump. 


8.6 FILING A MEMORY DUMP 


In order to obtain a hard copy of a memory dump, or to allow the dump 
to be backed up onto tape, diskette, or another disk, the data obtained from a 
dump must be filed from the disk receiving the original dump to another disk. 
Doing this converts the dump data into a form usable by the System. To create 


a disk file from a memory dump, proceed as follows: 


1. Mount the dump disk pack on a previously IPL'd System as an SL 
(Standard Label) pack. 

2. Execute the FLOPYDUP program. 

3. Using option "C" of FLOPYDUP program, copy the dump onto the 
previously mounted pack (ensure pack has a VTOC on it). 

4. When output file is requested, change number of records to 1026. 

5. The FLOPYDUP program will reply with a re-verify query to ensure 
that change is wanted. Affirm this. 

6. This file can now be backed up on an individual basis (or as part 


of regular backups) to tape or other disk packs. 


APPENDIX 


WLI PART # 


270-0458 
220-3001 
220-3115 
220-3117 
220-3116 
220-3148 
220-3149 
220-3151 
220-3152 
220-3145 
220-3110 
220-3146 


* "A" (AREA) LEVEL RSL lists those parts Which, because of cost or low 


APPENDIX A 


RECOMMENDED SPARES LISTS (RSLs) 


"A"N-~LEVEL*® RSL 


NAME /DESCRIPTION 

Motherboard Ass'y 

16-pin 13" Flat Cable 

Cache-to-SBC Cable 

Cache-to-BA Cable 

SBC-to-BA Cable 

Control Memory-to-Maintenance Panel Cable 
Control Memory-to-Maintenance Panel Cable 
B Bus-to-Maintenance Panel Cable 

B Bus-to-Maintenance Panel Cable 
Minifloppy Data Cable 
Motherboard-to-Motherboard Cables 

Front Panel-to-Motherboard Cable 


failures, are not economical to replace at the Branch level. 
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"B"-LEVEL® RSL 


WLI PART # MODEL # CEI PART # NAME/DESCRIPTION QTY 

210-7600~A CP1 (A-BUS) 1 

210-7601-A CP2 (B-BUS) 1 

210-7602-A Control Memory (CM) 1 

210-7603-A/ 

7703-A Main Memory (MM) 2 

210-7604-A Cache Memory 1 

210-7605-A SBC 1 

210-7611 CO-1001 177-7101 BUS Adapter (BA) 1 

270-0459 Mini Disk Controller 1 

278-4004 5" Mini-Floppy Drive (SA400) 1 | 
270-0706 Switching Power Supply 1 ! 
270-0460 Domestic Linear Power Supply (60 Hz) 1 | 
270-0460-1 Intrntn'1l Linear Power Supply (50 Hz) 1 

210-7613 Front Panel Board 1 

210-76 14 Maintenance Panel 1 

360-0000 Fuse Holder 1 

279-0300 On/Off Switch 1 

370-0026 LED (Power Box) 1 

400-1003 Muffin Fan 1 

377-0345 Chips, Main Memory (16K) 20 

377-0360 Chips, Control Memory 20 

377-0413 Chips, Cache Memory 20 

360-1020 Fuse 2A 24 

212~3022 (22V27-2) 177-7107 Serial IOP (16 Port) 1 

212-3020 (22V26-3) 177-7105 TC IOP (3 Port) 1 

212-3017 (22V25-2) 177-7102 Dual Density Tape IOP 1 

212-3023 (22V28 ) 177-7108 Large Disk IOP 1 


# "3" (BRANCH) LEVEL RSL lists those parts needed to perform corrective 


maintenance successfully 80% of the time. Also lists those parts needed @ 
to perform preventive maintenance successfully 100% of the time. 
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APPENDIX B 


ILLUSTRATED PARTS BREAKDOWN 


B.l SCOPE 


This appendix contains the illustrated parts breakdown for the VS-100 
Computer System. Use this breakdown for part number identification when or- 
dering field-replaceable components. 


VS 100 CABINET ASSEMBLY (ASSEMBLY PART NO. 279-4125) 


ITEM NO. 


OANOTIAPWNH— 


PART NO. 


458-0971 
654-1286 
451-5026 
660-0791 
660-0792 
451-3126 
650-9013 
458-0973 
660-0789 
220-1701 
652-0032 
451-3123 
452-2227 
650-6122 
458-0961 
458-0958 
660-0788 
651-0233 
653-6001 
652-6002 
451-7111 
279-4126 
650-6201 
458-0709 
650-4133 
654-0125 
660-0790 
650-3121 
660-0793 
458-0956 
451-5025 
650-9013 
650-9024 
653-6008 
458-0950 
653-6006 
458-0972 
650-6201 
449-0229 
655-0032 


DESCRIPTION 


PANEL SIDE L.H. WELDMENT 

FLAT CABLE CLAMP 

STIFFNER BRACKET L.H. 

FILTER FOAM VENT PANEL 

FILTER FOAM FRONT PANEL TOP 
PANEL VENT DRESS SILK SCREEN 
1/4-20x1/2 FLANGE WHIZ LOCK 
PANEL, FRONT WELDMENT 

FILTER FOAM ACCESS DOOR TOP 
WIRE & LUG ASSEMBLY 

6-32 LOCKNUT KEPS 

PANEL LED SUPPORT 

DEAD FRONT PANEL 

10-32x3/8 FLANGE WHIZ LOCK 
HINGE, DOOR 

DOOR ACCESS FRONT PANEL : 
FILTER FOAM ACCESS DOOR BOTTOM 
CATCH PUSH BUTTON (4 PCS) 

#10 WASHER INT. TH. 

10-32 KEPS NUT 

BRACKET BOTTOM LATCH 

VS 100 FRONT PANEL ASSEMBLY 
10-32x5/8 FLANGE WHIZ LOCK 

STOP LATCH 2263 

8-32x3/8 FLANGE WHIZ LOCK 
TERMINAL LUG 

FILTER FOAM FRONT PANEL BOTTOM LEFT 
6-32x3/8 FLAT HEAD PHL SCREW 
FILTER FOAM FRONT PANEL FRONT LEFT 
PAN, BOTTOM. 

STIFFNER BRACKET R.H. 

1/4-20 FLANGE WHIZ LOCK 
5/16-18x3/4 HEX HEAD SCREW 

5/16 SPLIT WASHER 

FRAME UPPER 

1/4 FLAT WASHER 

PANEL SIDE R.H. WELDMENT 
10-32x5/8 FLANGE WHIZ LOCK 

PAD LATCH MOULDING 220 VS 
GLIDES LEVELING 
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VS 100 CABINET ASSEMBLY (ASSEMBLY PART NO. 279-4125) 


ITEM NO. 


PART NO. 


655-0020 
652-0020 
650-9013 
451-7107 
451-1991 
652-0021 
653-6008 
653-6025 
451-1990 
650-6122 
478-1070 
650-3280 
652-0032 
279-4066 
651-0226 
651-0225 
655-0254 
458-0499 
650-6122 
462-0519 
650-9013 
653-6006 
270-0696 
650-6122 


DESCRIPTION 


CASTER 2” DIA DUAL WHEEL 
1/4-20 WHIZ LOCK NUT 

1/4-20 FLANGE WHIZ LOCK NUT 
STIFFNER REAR, VS 100 

RAIL, FRONT FACE PLATE 
5/16-18 HEX NUT 

5/16 SPLIT WASHER 

WASHER FLAT .328x.562 .063 T SS 
RAIL, REAR FACE PLATE 
10-32x3/8 FLANGE WHIZ LOCK 
CABLE SUPPORT 

6-32x7/8 LG. PAN HD PIL 

6-32 LOCKNUT KEPS 

TOP COVER ASSEMBLY 
RECEPTICLE “D-ZUS” #SL4X-280 
STUD OVAL HEAD “D-ZUS” AJ4-60 
BUMPER, .6400D x .340 

STOP, TOP COVER (2200VS) 
10-32x3/8 FLANGE WHIZ LOCK 
STANDOFF 

1/4-20x1/2 FLANGE WHIZ LOCK 
1/4 F' AT WASHER 

VS-100 FILTER BOX ASSEMBLY 
10-32x3/8 FLANGE WHIZ LOCK 
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VS-100 FAN ASSEMBLY (ASSEMBLY PART NO. 270-0697) 


ITEM NO. 


oman oohwhrh = 


PART NO. 


652-0029 
272-0012 
458-1030 
210-7613 
220-1552 
462-0064 
210-7614 
220-3154 
220-3152 
653-3002 
650-3120 
220-3151 
220-3153 
451-2357 
650-3320 
653-3000 
653-3002 
462-0017 
220-3146 
220-3149 
220-3148 
478-1029 
462-0204 
310-1206 
400-1003 
220-1550 
270-0697 
651-0071 
449-0101 


DESCRIPTION 


#8 KEPS NUT 

SWITCH BRACKET ASSEMBLY 

HANGER LED BOARD 

FRONT PANEL BOARD ASSEMBLY 
MAINTENANCE PANEL CABLE 

SPACER 8-32 .250D .375L HEX 

VS-100 MAINTENANCE PANEL 

16 PIN FLAT CABLE ASSEMBLY 

VS-100 FNT. “B” BUS MAINTENANCE PNL 
#6 FLAT NYLON © 

6-32x3/8 PAN HD SEMS 

“B” BUS MAINTENANCE PNL BACK 

16 PIN FLAT CABLE ASSEMBLY 

COVER, MAINTENANCE PANEL 

6-32x1 PAN HD SCREW 

#6 FLAT WASHER 

#6 NYLON WASHER 

SPACER .171ID .2500D 

FLOPPY CONT. SIG. CABLE 

CONT. MEM. ERT. MAINTENANCE PANEL 
BK. CONT. MEM. BOM. MAINTENANCE PANEL 
COVER, TERMINAL BLOCK 

SPACER .140ID .2500D .437L ROUND 
TERMINAL BLOCK 

FAN MUFFIN 

FAN ASSEMBLY CENTER 

VS-100 FAN ASSEMBLY 

WING HEAD 1/4 TURN FASTENER 

FAN GUARD 4” BLACK 
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FIGURE 2. VS-100 FAN ASSEMBLY (ASSEMBLY PART NO. 270-0697) 
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UNIT, FRONT ASSEMBLY (NO ASSEMBLY PART NQ.) 


OMNO AWN 


ITEM NO. 


PART NO. 


451-5034 
350-2124 
650-3132 
652-0032 
350-2121 
451-5030 
279-0456 
650-3120 
653-3000 
325-2524 
220-1191 
650-6122 
458-0960 
650-4120 
653-4000 
325-9034 
325-9035 
220-1539 
220-1538 
451-5024 


210-7610-A 


270-0459 
462-0204 
653-3002 
650-3207 
650-6560 
653-6003 
451-5023 
653-3000 
650-3120 
654-2105 
654-2104 
654-2103 
654-2102 
400-1003 
652-0032 
653-3000 
650-3207 
220-1553 
654-1289 
220-1535 


DESCRIPTION 


BRACKET, CATCH POWER BOX 
CONNECTOR 4 POS FEMALE 1200V 
6-32x3/8TRUSS HD PARKERIZE 
6-32 LOCKNUT KEPS 
CONNECTOR 4 POS FEMALE 73V 
BRACKET POWER BOX CONN. 
POWER BOX ASSEMBLY VS-100 
6-32x3/8 PAN HD PHIL 

6-32 FLAT WASHER 

CIRCUIT BREAKER 20AMP 200V 
CABLE GROUND 

10-32x3/8 FLANGE WHIZ LOCK 
CHASSIS POWER BOX SILKSCREEN 
8-32x3/8 PAN HD PHIL SEMS 
WASHER #8 FLAT 

PUSH BUTTON RED 

PUSH BUTTON BLACK 

POWER BOX LED SWITCH CBL 
POWER BOX CABLE 

BRACKET MINI FLOPPY L.H. 
VS-100 MINI DISK CONTROLLER 
MINI FLOPPY ASSEMBLY 
SPACER, .140ID .2500D 

#6 FLAT NYLON WASHER 
6-32x5/8 PAN HD PHIL 

10-32x1 3/4 PHIL SCREW 

#10 SPLIT WASHER 

BRACKET MINI FLOPPY R.H. 

#6 FLAT WASHER 

6-32x3/8 PAN HD PHIL SEMS 
JACK TIP BLUE 

JACK TIP GREEN 

JACK TIP RED 

JACK TIP BLACK 

FAN MUFFIN 

6-32 LOCKNUT KEPS 

WASHER, #6 FLAT 

6-32x5/8 SCREW 

CABLE, POWER BOX TO POWER SUPPLY 
SNAP BUSHING 

FAN CORD 
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UNIT, FRONT ASSEMBLY (NO ASSEMBLY PART NO.) 


ITEM NO. PART NO. DESCRIPTION @ 
41 654-1303 HEYCO STRAIN RELIEF SR-4N-4 
42 650-6122 10-32x3/8 FLANGE WHIZ LOCK 
43 220-1581 CABLE, GROUND 
44 220-1528 POWER SUPPLY CABLE 
45 220-1529 POWER SUPPLY CABLE 
46 220-1530 POWER SUPPLY CABLE 
47 653-4000 WASHER, #8 FLAT 
48 650-4133 8-32x3/8 FLANGE WHIZ LOCK 
49 220-1191 CABLE, GROUND 
50 451-2110 BRACKET CATCH POWER SUPPLY 
51 650-6122 10-32x3/8 FLANGE WHIZ LOCK 
52 220-1557 CABLE, 5V POWER LONG 
53 220-1556 CABLE, 5V POWER SHORT 
54 PART OF 57 
55 650-9012 1/4-20x3/8 FLANGE WHIZ LOCK 
56 270-0706 SWITCHING POWER 
57 654-0194 LUG CABLE CONNECTOR 
58 458-1007 BRACKET SWITCHING BRIDGE 
59 458-1008 BRACKET SWITCHING BRIDGE 
60 652-0020 1/4-20 NUT WHIZ LOCK 
61 653-6006 WASHER 1/4 FLAT 
62 650-9012 1/4-20x3/4 FLANGE WHIZ LOCK 
63 220-1527 POWER SUPPLY POWER CORD ® 
64 270-0460(TW) WANG POWER SUPPLY (VS-100) 
65 220-1540 MINI FLOPPY POWER 
66 220-3145 MINI FLOPPY DATA CABLE 
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FIGURE 3 UNIT ASSEMBLY (NO ASSEMBLY PART NO.) 
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ITEM NO. 


=O oa oano ahah — 


ax ort 


741-0871-3 


UNIT, REAR ASSEMBLY (NO ASSEMBLY PART NO.) 


PART NO. 


650-4127 
270-0741 
652-0032 
654-1011 
350-1036 
350-2078 
270-0704 
452-2394 
270-0705 
270-0911 
270-0910 


D :SCRIPTION 


8-32x3/8 PAN HD PHIL SCREW 
TELEX TAPE CONNECTOR PLATE 
6-32 LOCKNUT 

3/8 GROUND LUG 

BNC CONNECTOR 

TNC BULKHEAD CONNECTOR 
PANEL, REAR, ENC-TNC 

PLATE BLANK 

TC CONNECTOR PLATE 
KENNEDY TAPE CONNECTOR PLATE 
DISK CONNECTOR PLATE 


B-12 COMPANY CONFIDENTIAL 


6102 


BWVeQasaaaa 


B-02365-FY85-1 


BBBBBAABABASBRBBBAEEE 
\. Vi) 


WO 


000000808 
GOO900080 
O OG 


bd Ld 


7 O 


08880808 
G0000098 


GOGBBOG8B\N% Xe) SEES 
SITITTIANN Og SR 
ee Ae Xe, 


GOOCIIIS 
GOGEGB8B8B89 


/ 0808088886 S\ 
NN DDD DD \ 


. eo GOOO090R0OS 
oGOGG0EG 


FIGURE 4 UNIT REAR ASSEM3LY (NO ASSEMBLY PART NO.) 
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MOTHERBOARD ASSEMBLY (ASSEMBLY PART NO. 270-0458) 


ITEM NO. 


oOaN Oa hWNH — 


PART NO. 


210-7602-A 
210-7600-A 
210-7601-A 
210-7604-1A 
210-7605-A 
210-7803-2A 
210-7911 
(SEE PG. 19) 
(SEE PG. 19) 
(SEE PG. 19) 
(SEE PG. 19) 
(SEE PG. 19) 
(SEE PG. 19) 
650-2120 
653-3000 
653-3002 
462-0512 
462-0511 
462-0510 
220-3110 
654-1289 
654-1286 
650-9013 
653-6006 
210-7608 
210-7509 
210-7609 


DESCRIPTION 


CONTROL MEMORY BOARD 

A-BUS (CP1) BOARD 

B-BUS (CP2) BOARD 

CACHE MEMORY BOARD 

SYSTEM BUS CONTROLLER BOARD 
MAIN MEMORY BOARD 

BUS ADAPTERS 

I/O SLOT O (LARGE DISK IOP) 

I/O SLOT 1 (OPTIONAL DISK SLOT) 
I/O SLOT 2 (SERIAL IOP,WKSTN 0) 
I/O SLOTS 3-7 (OPTIONAL) 

1/O SLOTS 8 AND 9 (OPTIONAL DISK IOP) 
I/O SLOTS 10-15 (OPTIONAL) 
4-40x3/8 PAN HD PHIL 

#6 FLAT WASHER 

#6 NYLON WASHER 

SHIM FOR MOTHERBOARD .09 
SHIM FOR MOTHERBOARD .06 
SHIM FOR MOTHERBOARD .03 
MOTHERBOARD CONNECTOR CABLE 
SNAP BUSHING 

FLAT CABLE CLAMP 

1/4-20x1/2 FLANGE WHIZ LOCK 
1/4 FLAT WASHER 

CP MOTHERBOARD 

1/0 MOTHERBOARD 1 (BA1) 

[/O MOTHERBOARD 2 (BA2) 
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MOTHERBOARD ASSEMBLY (ASSEMBLY PART NO. 270-0458) 


IOP TYPE 


DISK 


SERIAL IOP 


8-PORT 


SERIAL IOP 


16-PORT 


TAPE 


TC IOP 


TC IOP 


TC IOP 


PART NO. 


177-7108 


177-7106 


177-7107 


177-7102 


177-7103 


177-7104 


177-7105 


DESCRIPTION 


EACH DISK IOP SUPPORTS A MAXIMUM OF 
FOUR 30/60/90M CMDs, AND/OR 75/288M CMDs. 


SUPPORTS SERIAL PERIPHERAL DEVICES 
(W/S, PRINTER, AND ARCHIVING W/S). 


SUPPORTS SERIAL PERIPHERAL DEVICES 
(W/S, PRINTER, AND ARCHIVING W/S). 


SUPPORTS 7/9 TRACK, 800/1600 BPI TAPE 
DRIVES. 


SUPPORTS ONE TC PORT, BOTH MODEM 
AND ACU. 


SUPPORTS TWO TC PORTS; BOTH MODEMs 
AND ACUs. 


SUPPORTS THREE TC PORTS; BOTH MODEMs 
AND ACUs. 
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FIGURE 5 MOTHERBOARD ASSEMBLY (ASSEMBLY PART NO. 270-0458) 
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CABLING ASSEMBLY (NO ASSEMBLY PART NO.) 


ITEM NO. 


WOON OoRWND — 


PART NO. 


279-0358 
220-3150 
220-3147 
220-3110 
220-3153 
220-1553 
220-1552 
220-3152 
220-3146 
220-1540 
220-1581 
220-1581 
220-3151 
220-3148 
220-3149 
220-3154 
220-3116 
220-3115 
220-3001 
220-3116 
220-3116 
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FIGURE 6 CABLING ASSEMBLY (NO ASSEMBLY PART NO.) 
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VS-100 SYSTEMS ® 
PART # SYSTEM SIZE (memory) 
177-VS16F 512K 
177-VS2HF 768K 
177-VS32F 1.0M 
177-VSHOF 1.2M 
177-VS48F 1.5M 
177-VS56F 1.7M 
177-VS64F 2.0M 


SYSTEM CONFIGURATIONS 


Minimum VS-100 Configuration: 
912-Kbyte Main Memory 
2W/S 
1 Printer 
1 Tape Drive and 1 Disk (30-300MB) @ 
or, 
2 Disk Drives (30-300 MB) 
1 VS Archiver (VS-AWS) 
Typical VS-100 Configuration: 
768K to 1-Mbyte Main Memory 
Two 300 Meg Disk Drives 
25 to 30 Workstations 
3-4 Printers 
2 TC Lines 
1 VS Archiver (VS-AWS) 
Maximum VS-100 Configuration: 
2-Mbyte Main Memory 
95 Workstations 
Sixteen 300 Mbyte Disk Drives 
32 Printers 
8 Tape Drives 
6 TC Lines 
1 VS Archiver (VS-AWS) 
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AVAILABLE SOFTWARE 


NAME PART # 
COBOL 195-5100~3 
RPGII 195-5200-3 
BASIC 195-5300-3 
FORTRAN-77 195-2087~3 
PL/1 195-2086 -3 
TC REMOTE 195-209 1-3 
3270 EMULATION 195-2089 -3 
2780/3780 EMULATION 195-2090-3 
DBMS 195~2088-3 
WORD PROCESSING 195~2078-3 
MATLWAY N/A 

HRMS N/A 


VS-100 PERIPHERAL DEVICES 
RAL VENICE 


DISK DRIVES 


MODEL # PART # NAME/DESCRIPTION 

2280V1,2,3 187-2280 Phoenix Disk 30, 60, 90 
167-2280 

2265V-1 187 -2265V-1 80 Meg Disk 
167-2265V-1 

2265V-2 187-2265 V-2 300 Meg Disk 
167-2265V-2 

2260V 187-9210 10 Meg Disk 
167-9210 

TAPES 

MODEL # PART # NAME/DESCRIPTION 

2209V 187-2209 AV 9-Track 1600 bpi tape 
167-2209 AV 

2209V-2 187-2209V-2 9-Track, 800/1600 bpi tape 
167-2209V-2 

2209V-3 187 -2209V-3 T-Track, 800 bpi 
167-2209V-3 
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WORKSTATIONS AND RELATED ACCESSORIES 


MODEL # PART # NAME/De&SCRIPTION 

2246S 187-7022 Serial Workstation 
167-7022 

22U6C 187-7020 Combined Workstation 
167-7020 

22U6R 187=-2246R Remote Workstation 
167-2246R 

224u7V-Y 177-22VS-77 MODEM SHARING UNIT 

2246S 187-7005 ERGO (279-2017 Keyboard) 
167-7005 

2246C 187-7004 ERGO (279-2018 Keyboard) 
167-7004 

PRINTERS 

2263V-2S 187-22638 600LPM Printer (Prt) 

2263V-3S 187-9242 430LPM Prt 

5531/2231V-25S 187-2231-P2 Matrix (Mat.) Prt 

5521/2221V-S 187-2272-P1 2200CPS Mat Prt 

658 1W 187-9211/167-9211 HOCPS Daisy Prt 

658 1WC 187-9219/187-9219 HOCPS Wide Daisy Ptr 


5574 /2273V-2S 187-9284-1/167-9284-1 
9573/2273V-15 187-9285 -1/ 167-9285 ~-1 
5521K 

55312K 

5548Z 

IP4YIF 

55211 

5581WD 

CP210 
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600LPM Band Prt 

250LPM Band Prt 

200CPS Katakana Mat Prt 
120CPS Katakana Mat Prt 
Typesetter 

Intelligent Image Prt 
2O0OCPS Ideographic Mat. Prt 
Dual-Head Daisy Prt 

Okidata Matrix Prt 


IOP TYPE 


Disk 


Serial IOP 
8~Port 


Serial IOP 
16-Port 


Tape 


TC IOP 


TC IOP 


TC IOP 


MODEL # 


22V28 


22V2T~1 


22V2T=-2 


22V25=2 


22V26-1 


22V26-2 


22V26-3 


AVAILABLE VS-100 IOPs 


CEI # 


177-7108 


177-7106 


177-7107 


177-7102 


177-7 103 


177-7104 


177-7105 


WLI # 


212-3023 


212-3021 


212-3022 


212-3017 


212-3018 


212-3019 


212-3020 
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BOARD # 


210-7110T 
210-7114 


210-7110W 
210-7216A 


210-7110W 
210-7216A 


210-7110S 
210-7217 


210-7426C 


210-7426C 
210-7427A 


210-7426C 


210-7TH2T71A 
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COMMENTS 


Fach disk IOP 
supports a 
maximum of 
four 30/60/90M 
CMDs, and/or 
75/288M SMDs. 
Supports serial 
peripheral 
devices (W/S, 
Printer, and 
Archiving W/S). 
Supports Serial 
peripheral 
devices (W/S, 
Printer, and 
Archiving W/S). 
Supports 7/9 
Track, 800/ 
1600 BPI Tape 
Drives. 
Supports one 
TC port, both 
modem and ACU. 
Supports two 
TC ports; both 
modems and 
ACUs. 

Supports three 
TC ports; both 
modems and 
ACUs. 


VI.A.2.M-0 


MISCELLANEOUS EQUIPMENT © 
MODEL # PART # DESCRIPTION 
TSF-31 187-9220W Twin Sheet Feeder for 6581W (Domestic) 
TSF -33 187-9260 Twin Sheet Feeder for 6581W (Intern't'1) 
TSF-41 187 -97 35 Twin Sheet Feeder for 6581WC (Domestic) 
TSF-43 187-9260 Twin Sheet Feeder for 6581WC (Intern't'1) 
N/A 725-0162 Ribbon for 2263V-2S and 3S printers 
N/A 279-0181 Ribbon for 2231V-2S 
N/A 279-0159 Ribbon for 2221V-S 
N/A 279-5204 Ribbon (film) for 6581W/WC printers 
N/A 279-5234 Ribbon (fabric) for 6581W/WC printers 
N/A 720-6124 Print Wheel for 6581W and 6581WC printers 
N/A 279-5161 Shield for 6581W printer 
N/A 279-5162 Shield for 6581WC printer 
N/A 279-5159 Tractor for 6581W printer 
N/A 279-5148 Tractor for 6581WC printer & 
N/A 705-0154 System Microcode Diskette 
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PART # 
220-0148 
220-0148 


120-2300-1 


to 


120-2300-40 


PART # 
220-0219 
220-0247 


120-2247-01 
120-2247-02 
120-2247-03 
120-2247-04 
120-2247-05 
120-2247 -06 


PART # 


220-3031 
220-3041 


220-3033-1 
220-3033-4 


PART # 
220-0168 
220-3059 
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AVAILABLE CABLES 


SERIAL PERIPHERAL LOCAL CABLES 


DESCRIPTION 

25' 2246S/C Workstation Cable (standard w/device). 

25' 2246S/C ERGO Workstation Cable (standard w/device). 
Optional-length peripheral device cable. As final digit 
of part number is incremented, length of cable increases 
by fifty feet--WLI #120-2300-1 is a 50' cable; WLI 
#120-2300-40 is a 2000' cable. 


REMOTE WORKSTATION CABLES 


DESCRIPTION 


25' 2247V-4 MSU-to-modem Cable (standard w/device). 

25' 2246R Workstation-to-MSU Cable (standard w/device). 
50' 2246R-to-MSU Cable (optional). 

100' 2246R~to-MSU Cable (optional). 

200' 224U6R-to-MSU Cable (optional). 

300' 2246R-to-MSU Cable (optional). 

4OO0' 2246R-to-MSU Cable (optional). 

500' 2246R-to-MSU Cable (optional). 


DISK DRIVE CABLES 


DESCRIPTION 


10' "A" cable for all VS-100 disk drives 
15" "A" cable for all VS-100 disk drives 
15' "B" cable for all VS-100 disk drives 
24' "B" cable for all VS-100 disk drives 


TAPE CABLES 


DESCRIPTION 


12' IOP-to-Formatter cable 


12' Formatter-to-Tape Drive cable 
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MNEMONIC 


ACT 

A DMX 
ALU 
AMX 

BA 
BAAR 
BADRLH 
BADRLL 
BALU 
BAM 
BAMAL 
BARDLA 
BARDM 


CAR 


CAR/TAR 
CAR/IAR L/T 


CAS 
CBL 
CBMMX 
CCPMAL 
CDIBF 
CDOBF 
CDOMX 
CE/D 
CEN 
CH 
CHBF 
CM 
CMAL 
CMBF 
CMBI 
CMR 
CMX 
CMnn 


CP/BADM 


CPDL 
CPMAL 
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APPENDIX D 
MNEMONICS LISTS 


VS-100 HARDWARE MNEMONICS 


MEANING 


"Active" status bit. Accept/reject IOP memory zommands 
Memory Address Multiplexer 

Arithmetic Logic Unit 

A-~Bus Multiplexer 


B.A. 


Bus 


Adapter 


Bus Adapter Address Register 
Bus Adapter Read Data Latch High 
Bus Adapter Read Data Latch Low 
Binary Arithmetic Logic Unit 


Bus 
Bus 
Bus 
Bus 
Bus 
Bus 


Adapter 
Adapter 
Adapter 
Adapter 
Adapter 
Adapter 


Multiplexer 

Memory Address Latch 
Read Data Latch "A" 
Read Data Multiplexer 
Write Data Latch 
Memory Data Latch 


B-Bus Multiplexer 

Branch Multiplexer 

Buffer Word Select 

Byte Swap Multiplexer 

Bus Transaction Log 

Control Memory Address Buffer 

Cache Address Multiplexer 

Current Address Register 

Current/Indirect Address Register 

Current/Indirect Address Register Latch/Incrementer: 
Column Address Strobe 

C-bus Latch 
C-~bus/Main-Memory Data Multiplexer 
Current CP Memory Address Latch 
Control Memory Data Input Buffer 
Control Memory Data Output Buffer 
Control Memory Data Output Multiplexer 
Cache Enable/Disable 

Column Enable 


Current 
Current 
Control 
Control 
Control 
Control 
Control 


Hal fwor-d 

Half-word Buffer 

Memory 

Memory Address Latch 

Memory Buffer 

Memory Bus Interface. IOP memory control micro inst. 
Memory Register 


C-Bus Multiplexer 
Control Memory bits: CMO through CM47 


CP/Bus Adapter Data Multiplexer 
CP Data Latch 


CP Memory Address Latch 
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MNEMONIC 
CFPWDR 
CPWSM 
CRDY 
DALU 
DCA 
DEC 
DRY 
DTBF 
DWD 
ECC 
ECR 


ECR/IPC/BTLDM 


EN 

F 
FA/BSM 
FAM 

HS 

TAR 

iC 
TCLD 
INIT 
INVE 
INVO 
IP/BAM 
TPC 
IPC/BTLDM 
IPCA 
IPCDL 
IREG 
IREG COUNTER 
IREG MUX 
IRM 
LDRY 

M 

MAL 
MAMX 
MARO 
MAR1 
MAR2 
MBS 1 
MBS2 
MCOS 
MDRO 
MDR 1 
MDR2 
MDR3 
MDR4 
MDR4B 
MLPY 
MMAM 
MMDL 
MMOSD 


MEANING 

CP Write Data Latch 

CP Word Swap Multiplexer 
Cache Data Ready 

Necimal Arithmetic Logic Unit 
vP "Decimal Carry" 3tatus bit 


CP "Invalid decima’. digit" status bit 


Data Ready 

Data Buffer to Main Memory 
Doubleword 

Error Correction Circuitry 
External Condition Register 
ECR/IPC or BTL Data Multiplexer 
Enable IPC 

Fault 


FA (Signal FAnn)/Byte Swap Multiplexer 


FA (Signal FAnn) Multiplexer 
Halfword Select 

Indirect Address Register 
Instruction Counter 
Instruction Counter Load 
Initialize 

Invalid Even 

Invalid Odd 

IPC/Bus Adapter Multiplexer 
InterProcessor Communications 
IPC/BTL Data Multiplexer 

IPC Active 

IPC Data Latch 

Indirect Register 

Eight bit binary counter 
Indirect Register Multiplexer 
Interrupt Request Mask 

Load Data Ready 

Monitor (status flag bit) 
Memory Address Latch 

Memory Address Mux 

Memory Address Register #0 
Memory Address Register #1 
Memory Address Register #2 
Multiplier Buffer Storage 1 
Multiplier Buffer Storage 2 
Memory Complete Out Strobe 
Memory Data Register #0 
Memory Data Register #1 
Memory Data Register #2 
Memory Data Register #3 
Memory Data Register #4 

MDR4, Buffered 

Multiplier Unit 

Main Memory Address Multiplexer 
Main Memory Data Latch 

Main Memory Output Selector/Driver 
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MNEMONIC 


SW 


Snn (0-31 ) 


T 
T-RAM 
TAL 
TC 
TCAM 
TDL 
TINT 
TOR 


TRMUX 
Hig 
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MEANING 

Main Memory Parity 

Main Memory Parity Trap 

B.A. "Mode" status bit. Allow IOP Write/Read to main memory 
Message Receipt Control 

Memory Request In 

Next Address Multiplexer 
Odd/Even Word Data Multiplexer 
Odd/Even Byte Swap Multiplexer 
CP "Overflow" status bit 

B.A. "PageBreak" status bit. Terminate/continue thru PB 
Processor Communications Bus 
PCB Control Out Strobe 

PCB Grant Strobe 

PCB Request In 

PCB Strobe In 

Physical Device Address 

Program Mask Register 

PMR Multiplexer 

Purge Buffer 

Qualifier 

Ripple 

Ready/Busy 

Read/Read Modify Write 
Read/Write 

Control Memory Address Buffer 
Row Address Strobe 

Ready/Busy Status IOP bit 

Read Control Memory (Deliver byte to PMR) 
Control Memory Data Buffer 

Read Strobe 

Refresh 

Rotating Multiplexer 

Subroutine Address Multiplexer 
System Bus Controller 

segment Control Register 

send IPC 

Shift Register 

Subroutine Address Stack 

Stack Address Multiplexer 

Byte Switch 

CP Status bits 

Termination 

Translatiun Random Access Memory 
T-RAM Address Latch 

Type Code 

Tag Compare Address Multiplexer 
Tag Data Latch 

Tester Interface 

B.A. "To Be Written Out" status bit. Allow a write to be 
completed. 

T-RAM Multiplexer 

Translation Trap 


VI.A.2.M-0 


MNEMONTC 


VMAR 
WA 
WCM 
WK 1 
WK 1-A 
WK2 
WK2-A 
WMX 1 
WMX2 
WP 


MNEMONIC 


ARS 
ATR 
Alw 
AWS 
BOP 
CC 
CMD 
DC 
DTYPE 
FA 
FLUB 
ITEM 
INVA 
IO 
IOCA 


MEANING 

Virtual Memory Address Register 
Write Address Error 

Write Control Memory (Set CM byte from PMR) 
Work Register #1 

Work Register 1--A-Bus 

Work Register #2 

Work Register 2---A-Bus 

WK1 Multiplexer 

WK2 Multiplexer 

Write Pulse 


VS-100 SOFTWARE MNEMONICS 


DEFINITION 


Activate Read State 

Word Alignment, Read 

Word Alignment, Write 

Activate Write State 

Branch field of CP micro insvruction 
Condition Code 

Command 

Device Configuration table 
Dialog Type 

Fetch Address 

File Length ana User Block 
Interrict gnable Mask 

Invalid Address 

Input/Output 

I/O Command Address 

I/O Control Word 

I/O Status Word 

Inter-Processor Communication 
Load Real Address 

Least Recently Used 

Monitor bit 

Main Memory Page Frame Table 
Memory Operation field of CP micro instruction 
No Operation 

Operating System 

Overflow 

Physical Address 

Program Control Word 

Page Frame 

Page Frame Number 

Process field of CP micro instruction 
Page Table 

Page Table Address 

Page Table Entry 

Reference and Change status bits 
Reference/Change Table 

Read .Protect 

Reset State 

set Address 

Set Address Indirect 
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MNEMONIC 


SIO 
SQB 
VA 
WP 


MNEMONIC 


A 
AC 
ACO 
ACP 
ACT 
ACV 
ACZ 
AND 
ANDI 
ANDS 


DEFINITION 


Start I/0 

Status Qualifier Byte 
Virtual Address 

Write Protect 


MICRO-INSTRUCTION MNEMONICS 


DEFINITION 


Add 

Add with Carry 

Add with Carry 

Add for Pagespan Check 
Add with Carry 

Add with Carry 

Add with Carry 

Logical AND 

Logical AND Immediate 
Logical AND 
Add/Subtract High 
Add/Subtract Low 

Add High with Zeros 
Add Low with Zeros 
Generate Base-Displacement Address 

Compare Arithmetic and set CC 

Clear Counter (Program Cloc.* support) 
Set Logical CC (1+2 on SPX) 

Set Arithemtic CC (0-2 on ALU + SGN) 

Set Full Logical CC (0-3 on CA / ALU) 

Set Explicit CC Value (0-3) 

Check ECC (Read or Write control) 
Compare Logical and set CC 
Clock Margin Control 

Clock Margin Control Fast 
Clock Margin Control Slow 
Compare Arithmetic 

Decimal Add with Carry 
Decimal Add with Carry 
Decimal Subtract with Carry 
Decimal Subtract with Carry (DCA in = 1) 
Halt Micro-program Execution 

Initialize an IOP 

Load Comparator 

Load a T-RAM entry 

Move and set Arithemtic CC 
Move Current Halfword 

Move Current Halfword and Extend 
Move and set Logical CC 

Move and Decrement IREG 

Move and Increment IREG 

Move Numeric 
Move 

Move Address 
Move Halfword 
Move (without setting ALU or C-Bus Latch) 


(CA in = 1) 


(Overflow Trap option) 
(Overflow bit set) 
(CA in = 0) 


(with SGN bit set) 


(Reset ) 


(DCA in = 0) 


(Program Clock support) 


(high byte = 0) 
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MNiMONIC 


MVS 
MVX 
OR 
ORI 
RBCL 
RBTL 
RCM 


DEFINITION 

Move (with sgn bit set) 

Move (with non-standard B-Bus) 
Logical OR 


Logical OR Immediate 

Read a BCL entry (hi-part) (also RBCLL - low part) 
Read a BTL entry (hi-part) (also RBTLL - low part) 
Read Control Memory 
Read ECR 

Read IPC Data 

Reset an RCT entry 
Read Switches 
Subtract 

Subtract with Carry 
Subtract with Carry 
Store Comparator 
Subtract with Carry 
Subtract with Carry (Overflow bit set) 
Subtract with Carry (CA in = 0) 

Send IPC data to another Processor 

Shift Left 4 bits 


(CA in = 1) 
(Program Clock support) 
(Overflow Trap option) 


Shift Left 4 bits (4 bits in = 1111) 
Shift Left 4 bits (4 bits in = 0000) 
Shift Right 1 bit 

Shift Right 4 bits 

Shift Right 1 bit (SCA in = 1) 

Shift Right 4 bits (4 bits in = 1114) 
Shift Right 1 bit (SCA in = 0) 

Shift Right 4 bits (4 bits in = 0000) 


Move IREG to Status bits (IREG 4-7 to S12-S15) 
Store Counter (Program Clock suppert) 
Move and Switch 

Test an RCT entry 
Write Control Memory 
Write ECR (5-bit unit) 
Write IPC Data 

Logical Exclusive OR 

Logical Exclusive OR Immediate 


(set M2H, M2B) 
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VS-100 SIGNA! {NEMONICS DEFINITIONS | 


MNEMONIC DEFINITION SOURCE DESTINITION DESCRIPTION 
ABO--AB31 A Bus A-Bus B-Bus Data for Binary and 
Decimal ALUs 
BACO-2 Bus Adapter BA Cache Bus Adapter command 
Command bits 
BAWDO-63 BA Write Data Cache BA Two words of data 
from main 
memory to BA or one 
word of 
IPC data from CP to BA 
BMA0-23 Bus Adapter BA Cache Bus Adapter main 
Memory Address memory addresses via 
Cache 
BMA3-6 Bus-Main IOP BA IOP command bits for 
Memory Address the BA 
BMAR5-20 Buffered Cache Main Main Memory addresses 
Memory Address Memory from either CP or BA 
BMDHO-7 Bus-Memory IOP BA One byte of IOP dati 
Data High for BA 
BMDLO-7 Bus--Memory IOP BA One byte of IOP data 
Data Low for BA 
CAWD0-63 Cache Write SBC Cache Two words of data from 
Data BA main memory for either 
the BA or the Cache 
CBO-CB31 C Bus B-Bus A-Bus C-Bus output data 
DABO-7 Device Address BA IOP Device Address for IOP 
Bits 
DIRDO-31 Not defined SBC Cache One word of main 
memory data for CP 
IPCO-7 Interprocessor SBC Cache IPC Command 
Communications 
MAO -23 Memory Address B-Bus Cache CP memory addresses 
for either main 
memory (MA0-23) or 
Cache tag compare 
(MAO-8 ) 
MMO-15 Main Memory BA IOP Data or status 


returned to IOP along 
with IAR/CAR addresses 
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MNEMUNIC 


MMO - 31 


MMCB1-2 


MMRDO-63 


MMWD0~-63 


MS1-4 


RAO-13 


RDO-7 


RPHO-6 


RPLO-6 


WDO~31 


WPHO-6 


WPLO-6 


DEFINITION 


Main Memory 


Main Memory 
Bits Control 


Main Memory 
Read Data 


Main Memory 
Write Data 


Module Select 


Not defined 
Not defined 
Read Parity 
High 


Read Parity 
Low 


Write Data 
Write Parity 
High 


Write Parity 
Low 


SOURCE 
Cache 


IOP 
Main 
Memory 


SBC 


Cache 


B Bus 
B Bus 
Main 


Memory 
Main 
Memory 
A-Bus 


SBC 


SBC 


DESTINITION 


B-Bus 


BA 


SBC 


Main 
Memory 


Main 
Memory 


CM 


CM 


SBC 


SBC 


SBC 


Main 


Memory 


Main 
Memory 


DESCRIPTION © 


Word of data from 


elther main memory or 
Cache for CP 


IOP command bits for 
the BA 


Two words of memory 
read data 


Two words of data to 


be written to main 
memory 


Main memory board 


select from either CP 
or the BA 


Addresses for a 
Control Memory write 


Data for a Control 
Memory write 


Parity bits for even e 


word of read data 


Parity bits for odd 
word of read data 


CP write data to main 
memory 


Parity bits for even 
word of write data 


Parity bits for odd 
word of write data 


OO ee WE ae LT ag OO kg ge a eee Eg ee ee ee 


Status 
Bits 
SO 
S1 
S2 
S3 
S4 
S55 
S6 


ST 
S8 


S9 


S10 
S511 


S12 


$13 
S14 
S15 


S16 


S17 
S18 


S19 
S20 
S21 
S22 
S23 
S24 
S25 
S26 
S27 
S28 
S29 
S30 
$31 


Label 


ALU 

CA 
PAGE 1 
PAGE2 
PAGEOV 
EXEC 
M2H 


M2B 
SGN 
DEC 
OVF 
DCA 
PCA 
SPX 
ALUS 
X2 


R10DD 
FLT 


RR Case 
RX Case 


CS2 


STATE 
MS 1 


STK 
BNK 
PAGEO 
MOF 
MIF 
DEBUG 
IOMASK 
CS4 
ISET 
CS1 
CS3 
EXT 
103 
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APPENDIX E 


CPU/ECR STATUS BIT DEFINITIONS 


CPU STATUS BITS 


Definition 


Result Bit for last ALU C-bus value (=0 or non-zero) 


Carry Bit (Carry Out from arithmetic operations) 
MAR1 page bit (set on ripple) 

MAR2 page bit (set on ripple) 

VMARO page bit (set on ripple) 

Execute Flag; Stop after Target if EXEC = 1 (in BNM) 
Bit is set = to MAR2 bit 30 when MAR2 is destination 
MAR for translation operation 

Bit is set = to MAR2 bit 31 whan MAR2 is destination 
MAR for translation operation 

set from high order bit of 32-bit C-bus, etc. Value 
= 0/1 indicates two's complement sign bit 

Invalid decimal digit bit. (Set = 1 by hardware if 
invalid decimal digit found) 

Overflow bit (2's complement arithmetic). 

OVF = (CA-out) XOR (CA-out at bit position 1) 

Carry bit for Decimal process operations 

Carry out bit set by micro-opcode = ACP only 

Result bit (inverse) set only on micro-opcode = CL. 
Also set as comparison bit for micro-opcode = COMP. 
Zero/non Zero status bit for 4-bit Shift-hold 
register. Set only on 44-bit shift instructions. 
This bit = 0 if IREG 4-7 = 0; else = 1 

This bit is set = IREG bit 3 

This bit is set based on IREG and ILC (CHO-CH1). 
(ILC = instruction length code in Current Halfword). 
ILC = 00; set FLT = IRGO or IRG3 or IRG4 o1 IRG 
ILC not = 00; set FLT = IRGO or IRG3 

Comparator enable bit (Set by CP4; inspected by 
hardware) 

Software bit for priviledged status (on translation) 
MAR select bit for translation fault involving MAR1 
or MAh2 (MS1=0 for VA in MAR1; MSi=1 for VA iu MAR2). 
Note - MS1i is always set = 0/1 for translation 
operations involving MAR1 or MAR2 

This bit = 0 if IREG 0-3 = 0; else = 1 

Used as CPi stack address bit. (Set by BNM) 
MARO page vit (set on ripple) 
MDRO full bit (empty = 0, full = 
MDR1 full bit (empty = 0, full = 
One or more Software Traps enable 
IO Interrupts enabled if set = 1 
Ciuck Interrupt enabled if set = 1 

Bit 1 of the multi-way BNM micro-address 
Hardware Counter Overflow bit 

Clock Interrupt Request Pending if set = 1 
External Event bit (see ECR for setting) 
BA Interiupt-Request Pending if bit = 1 


1 
1 
d 


E-1 


VI.A.2.M-0 


EXTERNAL CONDITION REGISTER (ECR) STATUS BITS @ 

Status 

Bits Label Definition 

ECRO IN1 Initialize/enable B.A. #1. 

ECR 1 IN2 Initialize/enable B.A. #2. 

ECR2 IN3 Initialize/enable B.A. #3. 

ECR3 IN4 Intiialize/enable B.A. #4. 

ECRUY MON Monitor System Code. 

ECR5 ECC Enable/disable ECC. 

ECR6 BTL Enable/disable BTL. 

ECR7 BCL Enable/disable BCL. _ 

ECR8 Cache Enable/disable Cache (CE/D). 

ECR9 Reserved. 

ECR10 WP C.P. write parity error (preset by MMP 
and CP8W). 

ECR11 WA Incorrect C.P. write address (preset by 
UNVA and CPW). 

ECR12 RJ Reject IPC data from C.P. (preset by RJ 
and CP). 

ECR13 Reserved. 

ECR 14 HM Cache hit (preset by MISS high). 

ECR15 CAM Cache miss (preset by MISS low). 

ECR16 RJO Reject IPC data sent from any processor 
(preset by RJ and CP). 

ECR17 BTLA BTL active, stored error entry. 

ECR18 BTLO BTL overflowed. 

ECR19 CM Control mode button (preset by CM). 

ECR20 BA1 B.A #1 requested attention (REQ1). 

ECR21 BA2 B.A #2 requested attention (REQ2). 

ECR22 BA3 B.A #3 requested attention (REQ3). 

ECR23 BAY B.A #4 requested attention (REQ4). 
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APPENDIX F 
DEFINITIONS OF TERMS 
TERM DEFINITICN 
Background Processing The automatic execution of batched 


lower-priority programs by the Operating 
System whenever no higher-priority programs 
are being handled. 


Base Address Starting address of a page frame. 
Byte Index A value, when added to a base address, that 
results in the true physical address of a byte 


in main memory. 


Cache Hit Successful Cache Memory Read; no Main Memory 
cycle is required. 


Cache Miss Unsuccessful Cache Memory Read; a Main Memory 
cycle is initiated. 


Command Processor A special program used to call up all system 
functions. 

Concatenated Linked together in series. 

Current PCW Th "active" or "controlling" Program Control 


Word--the one that pertains to the instruction 
that is currently being executed. 


Data Base Management System Process (program) that allows multiple users 
to access common data files. 


Demand Paging A memory management feature where portions of 
| a program are called into memory as needed. 


Displacement See Byte Index. 


Distributed Processing a. The sharing of a Central Processor among 
more than one user. b. A network of computer 
systems that support the data processing needs 
of an organization, interacting with each 
other and a large data base through a larger 
computer that oversees the entire system. 


Dynamic Access Mode A technique which lets a program switch back 
and forth between sequential access and random 
access in the same data file. 


Field A single item of information one or more 
characters in length. 


File | A z0llection of Logical Records having a 
common characteristic. 
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WORD/ PHRASE 


Indexed Filing 


Interactive System 


Linking 


Locality Of Reference 


Logical Record 


Macro 


Macro ('Inner-layer' type) 


Macro ('outer-layer' type) 


Macroassembler 


Macroinstruction 


Menu 


Mul tiprogramming 


Outboard Side 


Page 


DEFINITION 


A technique which stores data records in the 


order of specified key values. 


System in which the user and computer engage 
in two-way communications; the user keys in 
data in response to prompts or inquiries from 
the computer until the desired task is 
completed. 


Connecting or tying together. 


A concept in programming where once a location 
in memory is referenced, it will probably be 
referenced again in a short period of time; 
and once a location is referenced, a nearby 
location will also be referenced. 


A group of related fields that are treated as 
a Single unit. 


A named routine that is called up for 
processing whenever the corresponding name is 
specified as part of a high-level instruction. 


A series of micro-instructions which, when 
executed, accomplish the purpose of the Macro 
»». equivalent to a machine instruction, IBM 
instruction, or Assembler instruction). 


An instruction which, when executed, calls up 
a sequence of instructions (a subroutine) for 
execution, and then branches back to the 
original program. 


A computer having the capability to process 
defined macro's. 


The name of a routine, prepared in Assembler 
language, that gets called up for execution 
whenever the name is used as part of a 
high-level instruction. 


Generally, a list of availiable options 
displayed on the CRT when the system is turned 
on or after an operation has been completed. 


The ability to process more than one program 
Simultaneously. 


External to (away from) the CP. 
A 2K block of contiguous one-byte 


virtual-memory locations that begin at an 
address of zero, 2048, or multiple of 2048. 
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WORD/PHRASE DEFINITION 


Page Fault An indication that a particular page is not in 
main memory. 


Page Fault Exception An error condition indicating that a page is 
invalid. 
Page Frame 2K blocks of contiguous one-byte physical 


memory locations that begin at a physical 
(main) memory address of zero, 2048, or some 
multiple of 2048. 


Page In Read from disk into main memory. 
Page Out Write to the disk from main memory. 
Page Table An entry into Translation RAM containing the 


starting address of a physical page boundry. 


Paging Task That portion of the operating system that 
controls paging. 


Print File A disk file that is to be printed by a 
specific printer at the convenience of the 
Operating System and/or the System Console 
operator. 


Print Queue A collection of print file records pertaining 
to one or more printers (also, the sequence 
list identifying those records and the order 
in which they are to be printed). 


Print Spooling Temporarily storing print jobs on disk until a 
printer is available. 


Procedure (Language) 4 language used to create special text 
functions to perform operations normally 
executed interactively at a workstation. 


Program Interrupt A break in the normal sequence of instruction 
execution because of an error or request for 
assistance. The supervisory system seizes 
control to take action. 


Prompt The name of a message (usually one-line) 
directing the operator to perform some action. 


Relocatability Capability of a program to be initiated at any 
page frame and to randomly occupy any number 
of additional page frames as a consequence of 
a linkage of its subsequent parts by an 
address pointer. 
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WORD/ PHRASE 
Segment 


Segment Control Register 
Sequential Filing 
Stack 


Swapped In 
Swapped Out 


System Console 


Thrashing 


Type 1 Dialog 
Type O Dialog 
Virtual Address 


Write-through Strategy 


DEFINITION 


A block of contiguous one-byte virtual-memory 


locations, with the block beginning on a 
decimal-value virtual address of zero, 
1,048,576, or some multiple of that value. 


A CP register containing the page table 
virtual address and the page table length. 


A technique which stores data records in the 
order in which they are written or entered. 


Local RAM area used for temporary storage by 
the CP. 


When an entire program is brought into main 


memory and allowed to run for a certain amount 
of time. 


When an entire program is replaced in main 
memory by another program which is allowed to 
run for a certain amount of time. 


That workstation with access to special 
control or supervisor functions not available 


to other, "regular," workstations of the 
system. 


The phenomenon of excessively moving pages 
back and forth between memory and secondary 
storage" (particularly because of "removing a 
page from memory and then immediately needing 
it again due to a page fault re-referencing 
that page"). 


Interprocessor Communications dialog used by 
the VS100 to support I/O initiation and 
interupts. 


Interprocessor Communications dialog used by 
the VS100 to support Bus Adapter 
initialization and diagnostics. 


An address of a location in virtual memory. 
This address contains a page location in 
memory and a location within that page. 


For Cache memory, when the CP writes to main 
memory the same word is also written to Cache 
to ensure that the Cache has been updated. 
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® APPENDIX G 


VS-RELATED CORPORATE PUBLICATIONS 


Refer to the following publications for more information concerning system 


programming and operation. 


1. VS Release 5.00 SYSGEN Procedure (WLI # not available)-- VI.C.1 

2. VS Executive Introduction, WLI #800-1105EI-01 -- VI.A.1 
Designed as a relatively non-technical introduction to VS system 
features. This manual includes an overview of the major software and 
hardware features of the VS system, including a discussion of the 
system approach to problem solving. 

VS Processors Data Sheet, WLI #800-2105-02 -- VI.A.1 

VS Peripherals Data Sheet, WLI #800-2102-05 

VS System Software Data Sheet, WLI #800-2101-04 


Orn UW —-_ W 
e e e e 


VS Principles of Operation, WLI #800-1100P0-03 -- VI.C.1 


Describes the VS machine architecture and data organization, with 


special attention given to instruction execution, interrupts, and I/0 
Operation. This manual documents the general machine instruction set 
and special operating system assist instructions. It also discusses 
Control mode and describes the characteristics of all I/O device 
types, including workstations, printers, disk drives, and tape drives. 
7. VS Programmer's Introduction, WLI #800-1101PI-04 -- VI.C.2 
Introduces and discusses basic concepts of the VS and interactive 
processing. Major topics discussed are the workstation and Command 
Processor, system access and LOGON procedures, file management 
hierarchy, and the system program library. This manual is intended as 
an introduction for VS programmers. 
8. VS Operating System Services, WLI #800-11070S-02 -- VI.C.1 
Designed for the programmer/analyst. This manual explains the VS 
Operating system software and the system components, such as virtual 
memory, control blocks, and paging. System macroinstructions, 
Supervisor calls, and the VS Dat2 Management System are also discussed. 
& 9. VS Operating System Services Pocket Guide, WLI #800-620H4OP-01 -- VI.C.1 
Designed as a reference for svstem mac*voinstructions, Control Mode 
commands, and Program Control, 1/0, and Status Words. Intended for 


use by those familiar with VS Operating System Services manual. 
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10. VS Language Data Sheet, WLI #800-2201-05 -- VI.C.2 , ® 

11. VS Assembler Language Reference Manual, WLI #800-1200AS-02 -- VI.C.2 
Discusses the instructions and functions of VS Assembler language. 
Contained in this manual is information about assembler, machine, 
macro, and conditional assembly instructions. Also included are 
discussions of the usage of the instructions for Such purposes as 
addressing, program sectioning, and linking. Background information 
is supplied on such topi:s as coding conventions, language elements 
and structure, and the assembler/operating system relationship. 

12. VS Assembler Language Pocket Guide, WLI #800-6203AP-01 -- VI.C.2 
Designed as a reference for machine instructions, VS assembler 
macro-language, and pseudo-instructions. This guide is for use by 
those familiar with the VS Assembler Language Reference Manual. 

13. VS BASIC Language Reference Manual, WLI #800-1202BA-01 -- VI.C.2 
Designed as a reference guide for programmers experienced in Wang VS 
BASIC. This manual describes the structure and format of VS BASIC 


source files, data types and operations, program control, and 


input/output operations. The manual also contains a detailed summary 
of syntax for VS BASIC statements, with examples of usage. 

14. 2200 to VS BASIC Conversion Guide, WLI #800-1207BC-01 -- VI.C.2 

15. VS COBOL Language Reference Manual, WLI #800-1201CB-03 -- VI.C.2 
Designed as a reference guide for the VS COBOL programmer. This 
manual describes VS COBOL syntax rules; VS COBOL supports standard 
1974 ANSI Level 1 nucleus features, with many Level 2 features and VS 
extensions for interactive processing. 

16. VS COBOL Conversion Guide, WLI #800-1204CC-01 -- VI.C.2 
Intended as an aid for the programmer converting from IBM and other 
versions of ANSI-standard COBOL to Wang VS COBOL. rhe conversion 
process is discussed in terms of device compatibility, syntax 
requirements, data file considerations, control langvage, and possible 
logic changes. Syntactical differences between IBM COBOL and vS COBUL 
are also discussed. 

17. VS COBOL Pocket Guide, WLI #800-6200CP-02 -- VI.C.2 


Designed as a reference for VS COBOL syntax, reserved words, and 


workstation FAC v2aiues. Hexadecimal to decimal and EBCDIC to ASCII 
conversion charts are included. This guide is intended for use by 


those familiar with VS COBOL Language Reference Manual. 
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18. VS RPG II Language Reference Manual, WLI #800-1203RP-02 ~~ VI.C.2 
Designed as a reference for programmers preparing RPG II 
specifications for the VS system. This manual provides an 
introduction to RPG II implementation on the VS, with a discussion of 
workstation charaxtteristics and RPG II program logic. The 
Specifications for header, file description, extension, line counter, 
input, calculations, output, workstation, and alternate key coding 
sheets are included. 

19. VS System 3/System 32 RPG II Conversion Guide, WLI #800-1206RC-02 -- VI.C.2 
This manual provides information concerning the conversion of source 
program and data files from IBM System 3 or System 32 installations to 
a Wang VS. It is intended for use in conjunction with the RPG II 
Conversion Aid Package. Topics include media conversions, equipment, 
system differences, and control languages. 

20. VS Procedure Language Reference Manual, WLI #800-1205PL-01 -- VI.C.2 
Describes the syntax rules of the VS Procedure language, which is the 

executing command language of the VS system. This manual is intended 
© as a reference guide for the user already familiar with the VS 
Programmer's Introduction. 

21. VS Procedure Language Pocket Guide, WLI #800-6201PP-02 -- VI.C.2 
Designed as a reference for the user already familiar with the VS 
Procedure language. This guide includes the syntax for all Procedure 
language verbs, with a definition of syntax terminology and notation. 

22. VS/WP Integrated Information System Data Sheet, WLI #800-2104-02 

23. VS/WP Integrated Information System, WLI #800-2103-04 

24. VS/WP Integrated Information System Addendum, WLI #800-2103.01 

25. VS/IIS Operators Guide, WLI #800-1109WO-01 
Provides instructions for the Word Processing software available on 
the Wang VS. Included in this manual is introductory information, a 
description of the keys and functions needed to create and edit most 
Word Processing documents, the various print functions, and how to 
file and retrieve documents. Also included are error messages, sample 
exercises, and helpful hints. 

26. VS/IIS Supervisor Procedures Guide, WLI #800-1110 

& 27. VS/WP Introducing Word Processing on the VS, WLI #800-1407IW-02 
This manual introduces Word Processing operators and supervisors to WP 


on the VS, describes the basic VS hardware, and explains how to access 
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Word Processing from a VS workstation. A brief introduction to Data 
Processing on the VS is also included. 

28. VS Programmers Guide to VS/WP, WLI #800-1304PW-02 
Details the current Data Processing interfaces to the VS Word 
Processing System. This guide discusses Word Processing document 
structure on the VS, documents the COPYWP conversion and archiving 

utility, and describes the use of the document handling subroutines 

for VS Word Processing document manipulation by Assembler, BASIC, or 
COBOL programs. A familiarity with the VS system is assumed. 

29. VS Word Processing Operator's Guide, WLI #800-1109WO-01 
This manual provides Word Processing instructions for both new and 
accomplished users of the Word Processing software available on the VS 
systems. It is designed for operator/system interaction ina 
step-by-step format. The reader will Learn how to perform Word 
Processing on the VS by actually utilizing the WP capabilities. 

30. VS Data Base Management System Data Sheet, WLI #800-2106-01 

31. VS KEYENTRY Data Sheet, WLI #800-2300-01 

32. VS File Management Utilities, WLI #800-12300FM-02 -- VI.C.4 
Describes the three File Management Utilities (Control, DATENTRY, and 
Report) used to create and maintain data files, and generate 
customized reports from the file. 

33. VS Utilities Reference Manual, WLI #800-1303UT-02 -- VI.C.4 
Designed as a guide for both programmers and non-programmers to the 
interactive use of the system utilities. This manual includes the 
File Management utilities (used for creating, maintaining, and 
supporting data files) and the general System utilities (used by 
programmers to perform support and maintenance program development, 
maintenance and testing, and other functions). 

34. VS User Aids Reference Manual, WLI #800-1301UA-01 -- VI.C.4 
Describes the VS User Aids distributed by the International Society of 
Wang Users. These programs are not provided with the operating 
system, and are not supportec in the same manner as utilities. The 
subroutines and aids described in this manual are designed to enhance 
the versatility of the BASIC and COBOL languages on the VS. 

35. VS Data Communications Data Sheet, WLI #800-2107-02 -- VI.C.4 

36. VS Data Communications User's Guide, WLI #800-1302DC-02 -- VI.C.4 


Provides operating instructions and procedure writing information for 
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& 2780/3780 batch communications using the TCCOPY program. Also 
describes VS-to-VS communications using the VSCOPY program. 

37. VS Mailway Data Sheet, WLI #800-2108-01 -- VI.C.4 

38. VS System Operation Guide, WLI #800-1102S0-05 -- VI.C.1 
Designed for use by operations personnel. This guide explains the system 
functions accessible from the Operator's Console, including printer 
allocation and control of the print queue, control of the job queue, and 
the role of the Operator's Console in Control mode. Also covered in this 
manual are operational characteristics of peripherals (printers, disk 
drives, and tape drives), and device specifications. 

39. VS System Management Guide, WLI #800-1104SM-03 -- VI.C.1 
Designed for use by system security administrators. This guide discusses 
the VS file protection and security system, along with the BACKUP utility 
and SYSGEN operations. File protection classes, a system user list, 
special privilege program files, LOGON pi-ocedure, and BACKUP execution are 


also among the topics discussed. 
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APPENDIX H 
BASIC SOFTWARE CONCEPTS AND TERMINOLOGY 


Any machine using high-level programming languages (BASIC, COBOL, RPGII, 
FORTRAN, etc.) cannot directly execute any statement written in that 
language. Each such statement must first be transformed, by some means, into 
a series of executable machine language instructions. High-level programming 


languages in the VS-100 are compiled rather than interpreted. 


1. COMPILERS 


In a compiler system, a program is first entered in one of the available 
high-level languages (COBOL, BASIC, RGPII, PL/1, or FORTRAN in the VS-100) by 
interacting with a 'Text Editor' prog: :m. Entering text via the 'Text Editor' 
program is very similar to typing text into a word processing machine. The 
programmer may enter anything he wants, making modifications as desired during 
or after that entry process. The Text Editor program causes the machine to 
blindly accept this program text, letting the user edit his text on entry and 
giving no indication of programming errors. This initial-entry data of 
high-level user program text, which cannot be executed by the computer in this 
initial form, is called the source program (or, alternatively, source code, or 


source text or source module). 


After text has been entered and edited as desired, another function of 
the Text Editor program stores this source program on disk. Once on disk, the 


source program becomes known as a source file (still not machine executable). 


Once the soured file has been created, the programmer loads a compiler 
program, which is written in machine language. The compiler program uses the 
source file as input to produce a compiled version of the user's program in 
machine language, called the object program or object code. The compiler 
program then creates an object file or program file on disk, and then 
generates a printout of source code, object code, syntax errors, and other 
relevant information for the programmer's use. Bear in mind that the computer 
can execute only this object or program file--and that the computer cannot 


execute the operator-input source code. 
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In a compiler system such as the VS-100 system, therefore, two versions © 
of each program are produced: the source program, written in a high-level 
language; and the object program, consisting of machine language statements 


and produced by a compiler. 


To execute the object program, the object file must be loaded and run. 
Execution errors will show up at this time. The VS-100 system produces its 
error messages in plain English, rather than in number codes. When an error 
is encountered, the user program goes into a debug mode. Machine code, 


memory, and registers may be examined and changed. The program can be 


stepped, rerun, or cancelled. 


Since all programming langua,xes ultimately compile to the same machine 
code, a VS-100 program may have different portions written in different 
languages. It is not unusual, for example, to write a machine-code routine 
for something that is not convenient in a high-level language. The various 
pieces then are put together by a system program called the "Linkage Editor" 


program, which works with the object files. 


In a compiler system, a programmer will be more efficient if he makes 
flow charts and 'desk checks! his code in advance. This approach slows down 
the coding process but significantly speeds up the overall run-time period, 


because the prechecked program will work successfully that much sonner. 


2 INTERPRETERS 


An interpretive system, in contrast to a compiler system, uses an 
interpreter program, which translates high-level source-code program 
statements as they. are encountered during execution, converting them directly 
into individual sets of executable machine instructions. An interpreter 
program thus does not have to generate the object code for each source 
Statement and then save that object code for later execution. The major 
disadvantage of an interpretive system is speed: an interpreter program may 
generate results 10 to 20 times slower than the equivalent compiled code. In 
an interpretive system, for example, a statement describing a 1,000-pass loop | ®& 


must be retranslated and executed for each of the 1,000 passes in that loop. 
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In a compiler system, conversely, the loop would be translated to the 


equivalent machine code just once, rather than 1,000 Separate times; its 


stored machine code (the object program) would produce the same end result, 


but the system can execute the previously-complied code much faster. (The 
interpretive system does have its own advantages, of course, in that the 


executing program being interpreted can be interrupted, changed, and/or 
resumed much more easily.) 


3 ASSEMBLERS 


An assembler program, also known as an assembly routine or an assembly 
program, or even simply as the assembler, is a program designed to convert a 
set of non-executable symbolic (mnemonic) instructions directly into 
executable machine language instructions. Assembler language therefore 
permits a programmer to write machine-level instructions. Each assembler 
symbolic instruction has a one-to-one correspondence to a machine language 
instruction. Figures A and B for example, show a typical assembly language 
source program for a Wang Model 700 calculator. Notice in these figures the 
one-to-one relationship between the assembly language st2ps and the resulting 
machine code. This relationship is a distinctive hallmark of an assembler as 


opposed to a compiler function, whicn may produce several machine code 


instructions from a single high-level instruction. 


STEP NUMBER MNEMONIC INSTRUCTION 
a 1 
2 UP 
3 WR AL 
y CR/LF 
5 END AL 


A. "Representative" Source Code for a Specific Operatio 
n 


STEP NUMBER MNEMONIC INSTRUCTION 
1 0701 
2 0604 
3 0412 
4 0108 
E 0413 


B. "Representative" Object Code for the Same Operation 
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Since the instruction set of a machine defines the complete set of & 
elementary capabilities provided by the machine, Assembler language provides 


the programmer with access to the machine's total repertoire of functions. 


The VS-100 Assembler also allows a programmer to define a routine 
consisting of a series of instructions, and to assign a name to that routine. 
The name can then be specified (instead of the entire routine) as a single 
instruction in a program. Such named routines are called macros, and the 
names assigned to them are called macro-instructions. Because the VS-100 


Assembler permits the definition of macros, it is also referred to as a 


macroassembler. 


Programmer-created macroinstructions are us2d to simplify the writing of a 
program and to ensure that a standard sequence of instructions is used to 
accomplish a desired function. For instance, the logic of a program may 
require the same instruction sequence to be executed again and again. Rather 
than code this entire sequence each time it is needed, the programmer creates 
a macroinstruction to represent -he sequence and then, each time the sequence @ 


is needed, the programmer simply codes the macroinstruction statement. During 


assembly, the sequence of instructions represented by the macroinstruction is 


inserted in the object program. 


The Assembler program language also contains mnemonic operation codes to 
specify auxiliary functions performed by the assembler. These are 
instructions to the assembler program, and in most cases do not themselves 
result in the generation of machine-language object code by the assembler 
program. Again, it is important to note that the VS-100 machine instruction 


set. contains all instructions available on the IBM 360, as well as most 
available on the IBM 370. 


Macro-instructions used in preparing an assembler language source program 
fall into two categories. The first consists of system macro-instructions, 
provided by Wang, which relate the object program to components of the OS. 
All Wang system macros belong to the library '@MACLIB@'; Table 1 lists the 


currently available system macros. The second category consists of 


programmer-created macros, developed by a user specifically for use in an 


application program at hand, or for incorporation in a library for future use. 
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Table 1 VS-100 System Macros Stored in the @MACLIB@ Library 


AIR 
ALEX 
AXD1 
AXDGEN 
BCE 
BCTBL 
BCTGEN 
CALL 
CANCEL 
CHECK 
CLOSE 
CMSG 
CREATE 
DBTB 
DELETE 
DESTROY 
DPT 
ETCB 
EXTRACT 
FDAV 
FDR1 
FDR2 
FDX1 
FDX2 
FLUB 
FMSG 
FMILIST 
FREEBUF 


FREEMEM 
GETBUF 
GETMEM 
GETPARM 
IORE 
KEYLIST 
LINK 
LNKB 
LOW 

MCB 
MSGLIST 
OFB 
OPEN 
PATCH 


~ PCEXIT 


PFB 
PFSA 


PT 
PUTPARM 
PXE 
READ 
REGS 
RENAME 
RESETIME 
RETURN 


REWRITE 
RMSG 
SCRATCH 
SEND 
SETIME 
START 
STMB 
SVCE 
SVCT 
SYSCODE 
TCB 
TIME 
TPLAB 
TPLB2 
TQEL 

TS 

UCB 

UFB 
UFB2 
UFBGEN 
VCB 
VOL1 
WAIT 
WRITE 
XIO 
XMBUF 
XMIT 
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OPERATING SYSTEM CAPABILITIES 


The Operating System (OS) is an integrated group of service routines that 
collectively supervise the sequencing and processing of all programs, 
including the user-application software. The OS performs input/output 
operations, machine accounting tasks, compilation and storage assignment, 
program debugging, etc. This collection of routines receives and responds 
appropriately to all inputs, including operator/peripheral inputs and status 
conditon signals both from peripheral devices and from the mainframe circuits 
themselves. The OS then effectively makes decisions for each such input based 
on a retained record of assigned tasks and concurrent hardware conditions. 

The OS thus is the the entity that runs the machine and gives it its 


functional capabilities and "personality." 


1. INTERACTIVE OPERATION 


Like all previous 2200 and VS systems, the VS-100 is interactive, allowing 
users to communicate directly with the system from respective workstations. 
The system requests user-specified data and provides useful information in a 
series of clear, nontechnical prompts displayed on the workstation screen. 
Such prompts may ask the user to "fill in the blanks" with requested data, or 
to select a desired item from a number of displayed options, or simply to 


press a certain key to confirm a specific intention. 


Most computer systems require the use of a complex special language for 
issuing instructions to the system and for controlling system functions. The 
VS-100 system, however, requires no special language inputs. Instead, all 
system functions are invoked through selections/confirmations entered under 
the control of a special program called the Command Processor. The user 
simply chooses the desired function from a displayed menu, and then responds 
to any subsequent prompt messages asking for information pertaining to that 
function. If the user response is erroneous or insufficient, the system 
generally returns an error message which identifies the problem--and, in many 


cases, suggests a possible solution. 


To run a program on the VS-100, the user simply loads the program, chooses 


the RUN PROGRAM function from the Command Processor menu, and then types in 
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the program name, disk library, and volume in which it is located. When this 


information is entered, the user keys ENTER to begin program execution. 


At any point during the execution of a program, a user can interrupt the 
program by pressing the HELP key, which temporarily halts program execution 
Without destroying any critical information or closing any files. The program 
can be resumed from the point of interruption simply by pressing the PF key 
associated with the CONTINUE command. While a program is interrupted, 
however, the user has access to all system functions. He can, for example, 
examine the status of open files or I/O devices, scratch or rename files, or 
begin debug processing. Once these functions are compieted, normal execution 


of the interrupted program can be continued. 
2. MULTIPLE-USER OPERATION 


Tne VS-100 is projected to support up to 128 individual workstations 
Simultaneously. Each such workstation can be running its own job, independent 
of the others. Since each "job" i3 actually a separate program, such a system 
is often referred to as a multiprogramming system. Since there is only one 
cen- tral processor and one memory, of course, two or more programs actually 
cannot be executing at exactly the same instant, but each user generally is 
undis- turbed by other users, and no-one has to wait for access time. All 
programs on the VS-100 system share a common set of resources. Each program 
(or some portion of it) is kept in its own location(s) in memory. The central 
process- or permits each program to run for a short period of time, and then 
interrupts that program, permitting another program to run for a similar brief 
period. This process continues indefinitely, or until all programs 
terminate. Because the central processor is fast and is managed efficiently, 
each user's program apnears to run without interruption, simultaneously with 


all other programs. 


The key to the success of such a scheme is the OS software, which must 
manage the use of common resources--including the central processor, memory, 
and I/O devices--with maximum efficiency. The VS-100 OS is designed for such 
efficiency; it is designed to guarantee that each user will have reasonable 
response time for his program, while ensuring that each program runs without 


interference from others. Each user can proceed exactly as if he had access 
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to his own private system. This process of sharing a single computer among S 


many users is called distributed processing. 


The VS-100 OS imposes no special restrictions on the types of jobs which 
can be run concurrently from each workstation. It is not un- likely, for 
example, that an installation might have two or more workstations running a 
large data entry application, while other workstations are simul- taneously 
running an order-entry program, and still other workstations are being used by 
programmers for program development. Such a system obviously provides great 
flexibility for the user, who is not forced to purchase several different 


systems to perform different jobs. 


One workstation is designated as the System.Console. In addition to 
running normal programs, the System Console provides a second mode of 
operation in which it can control a number of special system features not 
accessible from regular workstations. Such special features include print 
spooling and background processing (both of which are explained in detail 


further on in this discussion). 


3. MULTILINGUAL SYSTEM 


As in the VS-60 and VS-80 systems, the VS-100 supports (with respective 
compilers) multiple high-level languages, including ANSI COBOL, BASIC, 
FORTRAN, PL/1, and RPG II, as well as Assembler language and an English-like 
command language called PROCEDURE. 


COBOL, (Common Business Oriented Language), is one of the most popular 
programming languages in use today for commercial data processing (DP) 
applications. COBOL programs are based on and read much like ordinary 
business English, but the language provides an array of powerful record 
formatting, data manipulation, and file handling capabilities particularly 
important for DP applications. In part, COBOL's popularity also derives from 
the fact that it is the only major language subject to an industry-wide 


standard, administered by the American National Standards Institute (ANSI). 


For the programmer who wishes to obtain a greater degree of control over 


the system and to write more efficient programs, the VS-100 system also 
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provides an Assembler language. Since the instruction set of a machine 
defines the complete set of elementary capabilities provided by the machine, 


Assembler language provides the programmer with access to the machine's total 


repertoire of functions. 


The VS-100 Assembler language also allows a programmer to define a routine 
consisting of a series of instructions and to assign a name to that routine. 
That name (rather than the entire routine) can then be specified as a single 
instruction in a program. Such named routines are called macros, and the 
names assigned to them are called macro-instructions. Because the VS-100 
Assembler permits the definition of macros, it is also referred to as a 


macroassembler. 


The VS-100 machine instruction set contains all instructions available on 
the IBM 360, along with most of the instructions that are available on the 
370. Programmers familiar with IBM 360/370 Assember Language consequently 


find VS-100 Assembler either familiar or easy to learn. 


The VS-100 Procedure language allows users to create special text files 
which perform many of the operations normally executed interactively by the 
user at a workstation. Some typical procedures of this nature include running 
two or more programs sequentially, supplying run-time parameters to a program, 
and scratching or renaming programs. The use of such procedures can reduce 
the number of keystrokes and interactions required of a user who is running a 


program. 
4. FILE MANAGEMENT UTILITIES 


To support applications with large on-line data base requirements, the 
VS-100 system supports extensive on-line data storage capacity. This support 
covers 30-MB/60-MB/90-MB 2280V-Series Disk Drive units and 75-MB/288-MB 
2265V-Series Disk Drive units, handling up to 4608 megabytes of on-line 


storage. 


The VS-100 Data Management System provides a comprehensive disk file 
access and maintenance capability. Two types of files are supported on the 


system: sequential files, in which records are stored in the order in which 
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they are written, and indexed files, in which records are stored in the order Se 
of their key values. In both types of files, records may be accessed either 
sequentially or randomly. A third technique, called dynamic access mode, 

permits a program to switch back and forth between sequential and random 


access on the same data file. 


The indexed file system permits multiple indexes for a Single file. This 
feature enables a record to be accessed on different keys for different 
purposes. An employee record, for example, may be accessed by employee name 


for personnel purposes and by employee number for payroll purposes. 


A single file can be shared among several different teers: Consequently, 
several users may perform updates and/or inquiry operations on a common file 
concurrently. In data entry applications, for example, all operators can 
directly update a single master file. The additional steps of creating 
temporary files for all operators, and then merging them together are 
therefore eliminated. The Data Management System is discussed in detail in 


the VS Operating System Services Manual (WL# 800-11070S-02 -- VI.C.1). 


5. DATA ENTRY/FILE MAINTENANCE 


The VS-100 system software includes a package of three programs designed 
to facilitate the creation and maintenance of data files, as well as the 
creation of reports based on such files. A Setup Utility program permits the 
user to define a data file by specifying the types of data in each record of 
the file, and to design the screen display used to prompt an operator for 
information to be entered for each record. A Data Entry program can then be 
used to solicit operator input by displaying the defined prompt messages and 
accepting and/or validating entered data. Finally, a Report Utility program, 
intended for use by management as well as programmers, provides great 
flexibility in the design of custom reports which present information from a 


data file in a useful and coherent format. 


6. INTERACTIVE TEXT EDITING 


An interactive Text Editor program greatly facilitates software 


development on the VS-100 system. The Text Editor program lets a programmer 
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create and modify program files interactively, using any one of the supported 
languages. Entering program text is as easy as typing it into the display, 
and editing an existing program is equally simple because of a large number of 
provided editing functions. Interactive program development permits 
programmers to work with maximum productivity in the development and 


maintenance of programs. 


7. INTERACTIVE DEBUG FACILITY 


In many cases, the process of identifying and correcting bugs in a program 
is more time-consuming than the writing process itself. To assist the 
programmer in this task, the VS-100 system supports an easy-to-use, 


interactive debugging facility. 


The VS Debug Processor program not only permits inspection of program code 
but also permits inspection and modification of data by memory address. In 
addition, the program provides an easy-to-use "symbolic" debugging feature 
that displays sections of source code in a "program window" on the workstation 
screen, and permits data values to be examined and modified by symbolic data 
name rather than by address. The VS Debug Processor also includes facilities 
for examining and modifying internal registers arid the Program Control Word. 
Breakpoints can be set in a program, and another feature allows the user to 


manually step through program execution. 


8, MAJOR PERFORMANCE FEATURES 


The VS-100 system provides a diversity of features designed to increase 
total throughput and to improve system performance, in addition to those 
features that have already been mentioned. These additional features include 
automatic program sharing, independent I/O processors, automatic data 


compaction, automatic print spooling, and background processing. 


A. AUTOMATIC PROGRAM SHARING 


When two or more users are running the same program at the same time, it 
would be wasteful to keep a separate copy of the program in memory for 


each user. To avoid such duplication, the VS-100 system automatically 
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causes several users to share the same copy of a program in memory 
Whenever possible. The amount of memory saved by this feature can be 
substantial when, for example, a number of users are running a large data 
entry program, or several programmers are compiling COBOL programs. 
Program sharing also improves performance for all users by reducing the 


total number of pages which must be transferred in and out of memory. 


B. INDEPENDENT I/0 PROCESSORS (IOP'S) 


Most commercial-application programs spend a good deal of time performing 
input/output (1/0) operations, such as reading and writing disk files, or 
sending output to a printer. The VS-100 System handles such I/0 
operations by independent I/0 processors (IOP's), which control the 
transfer of data between Mainframe memory and the various I/0 devices 
associated with respective IOP's. When any program requests an I/0 
operation, the central processor notifies the appropriate IOP, supplies it 
with any necessary information, and then turns its attention to other 
processing tasks while the I/0 operation is carried out. Because tne disk 
and tape IOPs can transfer information directly to or from memory via 
Direct Memory Access (DMA) techniques without central processor 
involvement, the central processor is able to perform internal processing 
concurrently with certain I/O operations. This overlap of I/O processing 
and internal processing guarantees that maximum use is made of the central 


processor, and increases overall system throughput. 


C. AUTOMATIC DATA COMPACTION 


To conserve disk storage and hasten data transfer, the system provides an 
option to compress data records automatically before storing them on 

disk. In the compaction process, characters which are repeated three or 
more times in sequence are stored as a single character and a repetition 
count. Data compaction is performed automatically on all print files, and 
is performed on a data file if the "compressed records" option is 
specified when the file is created. Compressed records are automatically 
expanded to their original format by the system when they are read back 
into memory, making the entire compaction process completely transparent 


to the user. Data compaction can reduce the disk storage requirements of 
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many files up to 50% and contributes to improved performance by reducing 


the total number of characters which must be transferred between disk and 
memory for each record access. 


D. AUTOMATIC PRINT SPOOLING 


Print spooling, a function of the Data Management System, is a technique 
by which a job scheduled for printing is temporarily stored in a disk file 
rather than being sent directly to the printer. The Print Files thus 
created on disk are placed in a print queue under the control of the 
System Console. When a printer becomes available, each job is then 
printed in the order determined by the print queue. Print spooling offers 
two significant benefits: it frees individual workstations from dependence 


upon printer availability, and it enables the printers to be scheduled 


efficienuly. 
E. BACKGROUND PROCESSING 


Background processing is the automatic execution of batched lower-priority 
programs whenever there are no higher-priority programs being handled by 
the OS. Although the VS-100 system is designed primarily for interactive 
operation, it also supports the running of jobs which require large 
amounts of processor or I/0 time, with a minimum amount of operator 
interaction, on a "background" basis. Background jobs can be run in a 
batch from any workstation. While a background job iS running at a 


workstations, all other workstations remain available for interactive use. 


APPENDIX I 


This appendix contains updated information concerning the 


new 210-7303 Main Memory and 210-7911 Bus Adapver cards. 


As the old 210-7603 Main Memory and 210-7611 Bus Adapter 
cards are still Supported, the sections of the VS-100 


manual referencing these cards are still valid. 
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1. GENERAL 


This appendix will describe the upgrades in the VS-100 to increase Main 
Memory size and allow more disk drive I/0 Processors (IOPs) to be installed in 
the system. Also included is card installation information, diagnostic 


information, updated theory of operation, and updated "A" and B" level RSLs. 
The upgrades are directed at three cards (Figure I-l), as follows: 


ae 210-7603 Main Memory card -- Now designated as 210-7803 using 64K RAM 
chips instead of 16K RAM chips. 

b. 210-7604 Cache card -- Now designated as 210-7604-1A with changes to 
the Main Memory refresh timing to accomodate the 64K RAM chips on the 
Main Memory card. 

ce 210-7611 Bus Adapter Card -- Now designated as 210-7911 with timing 
changes to allow an increase from one 212-3023 disk IOP per Bus 
Adapter (BA) to two 212-3023 disk IOPs per BA. 


There are two Engineering Change Orders (ECOs) already being implemented 
in the field to support the ?10-7911 BA upgrade, as follows: 


a. ECO #20204 -- This ECO decreases the clock pulse width on the 210-7905 
System Bus Controller (SBC) card from 80 nanoseconds to 40 
nanoseconds. The BA is synchronized with the SBC clock and this 
decreased clock pulse width will allow the 210-7911 BA to handle the 
two disk IOPs. 

b. ECO #20205 -- This ECO allows the 210-7611 BA to accept the decreased 
clock pulse width, received from the 210-7905 SBC, that is required by 
the 210-7911 BA. 


2.- MAIN MEMORY DESCRIPTION 


The VS-100 can contain from two to eight 210-7803 Main Memory cards. 
Memory can range in size from 1 Mbytes (two cards) to a maximum of 8 Mbytes 
(eight cards) with memory size increasing in 512-Kbyte increments through the 


use of half-loaded cards. Each Main Memory card can contain a maximum of 1 
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Megabytes of data. Memory cards’ are loaded into the VS-100 in pairs to 


accomodate the 64-bit data path employed in memory operations. 


The three most common versions of the 210-7803 Main Memory card are as 
follows: 
PART NUMBER 
210-7803-14A 
210-7803-2A 
210-7803-4A 


MEMORY SIZE 
256 Kbytes 
512 Kbytes 
1024 Kbytes 


3. CACHE DESCRIPTION 


The 210-7604-1A Cache Random Access Memory provides high speed data read 
access for the CP by acting as a buffer between the CP and Main Memory. Its 
main function is to improve memory transfer rate by providing high speed 
access to needed data. Two other sections of the Cache card, although not 
part of the Cache Memory, are the Main Memory control and the IPC 
(Interprocessor Communications) control logic. Main Memory refresh logic is 


also part of the memory control to provide refresh control and refresh row 
addresses to the Main Memory. 


4, BUS ADAPTER DESCRIPTION 


The 210-7911 BA is the interface oetween the VS-100 CPU and up to eight 
IOPs and attached peripheral devices. The BA also provides data buffering and 
routing between the 16-bit IOP data path and the 64-bit Main Memory (MM) data 
path. Because the IOPs use a 16-bit path and MM uses a 64-bit path, the BA 
must put data going from the IOP to MM into 64-bit blocks for transfer to MM. 
It must also perform the reverse function on data going from MM to an IOP. 
With the 210-7911 BA, two disk IOPs can now be installed on the associated I/0 


motherboard. A maximum of two BAs can be installed on the VS-100, allowing 


the CPU to interface with a maximum of 16 IOPs. 
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5. REMOVAL OF MAIN MEMORY, CACHE, AND BUS ADAPTER CARDS 


Refer to Chapter 7, Removal/Replacement Procedures, of the VS-i00 manual 


for removal information for other Mainframe circuit cards. 


A. Power down the Mainframe and place the circuit breaker in the OFF 
position. 

B. Remove the two 60-pin connectors from the top edge of the 7604 Cache 
Memory card (Figure I-2) that attach to the 7611 BA card(s) (Figure 
I-3). Remove the two 64-pin connectors that attach to the 7605 SBC 
card (Figure I-4) from the right edge of the 7604 Cache Memory card. 
Remove the 16-pin ribbon cable from L46 of the 210-7604 Cache Memory 
card to L83 of the 210-7605 SBC card. femove the Cache card by 
grasping the top corners and gently rocking it from side-to-side while 
exerting a steady upward pressure. Once the card is free of the slot, 


ease it up and out of the Mainframe. 


C. Remove the 7603 Main Memory card (Figure I-5) in the same manner as 
the previous card. 

D. Remove the two 60-pin connectors from the top edge of the 7611 BA card 
that attach to the 7604 Cache Card. Remove the two 60=-pin connectors 
that attach to the BA from the right edge of the 7605 SBC card. 

Remove the BA in the same manner as the previous cards. (There may be 


two BAs, depending on the number of IOP cards installed.) 
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FIGUKE 1-4. 210-7605 SYSTEM BUS CONTROLLER CARD 
WITH CONNECTOR LOCATIONS 
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6. INSTALLATION OF MAIN MEMORY, CACHE, AND BUS ADAPTER CARDS 


Refer to Chapter 3, Unpacking and Installation, of the VS-100 manual for 


installation information for other Mainframe circuit cards. 


Listed below is the new serial tag information for 60 cps ac line 


frequency machines. The serial tag number prefix for 50 cps ac line frequency 
machines is 157. 


MODEL NUMBER | SERIAL TAG # | MEMORY SIZE (Bytes) 
VS-16F 177-7111 
VS-32F 177-7113 
VS-64F 177-7117 
VS-96F 177-7142 


VS-128F 177=7143 
VS-160F 177-7144 
VS-192F 177-7145 
VS=224F 177-7146 
VS-256F WT-T147 


HEH HENG T Rie a 


NEW 210-7803 MAIN MEMORY CARDS CANNOT BE INTERMIXED 
WITH OLD 210-7603 MAIN MEMORY CARDS. ALSO, NEW 210- 
7604-1A CACHE CARDS CANNOT BE USED WITH OLD 210- 
7603 MAIN MEMORY CARDS AND OLD 210-7604 CACHE CARDS 
CANNOT BE USED WITH NEW 210-7803 MAIN MEMORY CARDS. 


A. After checking memory-size switch settings on the Cache Memory card 
(Figure I-6), connect the 16=-pin ribbon cable from L46 of the 
210-7604-1A Cache Memory card to L83 of the 210-7605 SBC card. 
B. Install the 210-7604-1A Cache Memory card in Motherboard slot #4. 
C. Install the 210-7803 Main Memory cards in pairs starting at 
Motherboard slot numbers 6 and 7. Cards in even-numbered slots (6, 8, & 
10, 12) contain even data words; cards in odd-numbered slots (7, 9, 


11, 13) contain odd data words. The total number of PAIRED memory 
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LOCATED ON THE 210-7604 CACHE CARD 
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cards determines Main Memory size (refer to Table I-1). Ensure that 
the number of memory cards equals desired memory size (refer to work 
request). Do NOT leave open slots between memory cards. 

D. Install a 210-7911 BA card in Motherboard slot #15: the card in this 
Slot becomes BA #1. If the system contains a second BA card, install 
it in Motherboard slot #14: the card in this slot becomes BA #2. 

E. Make sure that all cables running to the cards are reinstalled in the 
correct locations (refer to Table I-2) and all cards are firmly seated 


in place. 
TABLE I-1. itaIN MEMORY SIZE 
SLOT #'s _|PAIR # | MEMORY SIZE* | COMMENTS _ 
6 and 7 2 Mbyte Slov. 6 is memory card 0 (even words). 
(Max imum) Slot 7 is memory card 1 (odd words). 


8 and 9 1 4 Mbyte card 2 (even words). 


(Maximum) card 3 (odd words). 


Slot 10 is memory card 4 (even words). 
(Max imum) Slot 11 is memory card 5 (odd words). 
Slot 12 is memory card 6 (even words). 
(Max imum) Slot 13 is memory card 7 (od. words). 


* Except for pair O which must always ho 1 Mbytes, this «= maximum 
memory size with the specified number of memory cards. Using 
half-loaded cards results in smaller memory sizes than indicated by 
this table; that is, with half-loaded memory cards, pair 0 fu. ly 
loaded and pair 1 half-loaded will equal 3 Mbytes, and so forth. 


TABLE I-2. INTERNAL CABLE CONNECTIONS 


CONNECTOR CONNECTOR PC CARD 
210 11 


210-7605 


16-pin ribbon cc 


" L46 : 
210-7605 J1 210-7911 
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© T. DIAGNOSTICS 


There are changes in the VS-100 diagnostics to support the 210-7803 Main 
Memory card, as follows: 


A. DE10O (WLI #702-8026) -- VS-100 Microdiagnostic Main Memory (64K RAM) 
Stand-alone memory diagnostic that isolates failures to the RAM chip. 
Currently, it will not work on memory configurations of less than 2 
magabytes and is now being rewrit.ten. 


B. FASTMEM (WLI #702-0108A) -- This stand-alone memory diagnostic also 


isolates failures to the RAM chip. Currently, it is not compatable 
with the 64K RAM chips and is now being rewritten. However, it can 
function as a Go/No Go Main Memory test. It can be run on the 
210-7803 card and if there are no failures it will indicate that there 
are no failures. If there is a memory failure, the test will indicate 
only that there is a failure but will not indicate the correct 


& location of the failing RAM chip. 


There are no changes to the current diagnostics to support the 210-7604-1A 
Cache Memory or the 210-7911 BA. 


8. VS-100 MAIN MEMORY THEORY 


The VS-100 Main Memory (Figure I-7) consists of up to eight memory cards 
(modules) with each card containing 256K 32-bit half words or 1 Megabytes and 
is logically divided into four groups of 64k 32-bit half words.. A minimum of 
two cards are required. The memory uses the Hitachi 4864, 64K-word x 1-bit 


Dynamic RAM chip. Total maximum memory capacity is 8 Megabytes. 


A. Control Signals 


Main memory control signals are generated on the SBC portion of the Cache 
card due to the physical limitations of the SBC card. (Refer to paragraph 
2.8.8, Main Memory Control.) They are RAS (Row Address Strobe), CAS (Column 
Address Strobe), CEN (Column Enable), R/W (Read/Write), two Write Pulses 
(WPO-31 and WP32-63), MS1-4 (Module Select #), and REF (Refresh). The Main 


Memory cycle runs synchronously with the SBC cycle. 
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& B. Memory Write And Read 


CP or BA data transfer to and from the memory is controlled by the SBC. 
The basic memory data word is 32 bits with a 7 bit ECC (Error Correction Code) 
field. Write operations allow any card to be accessed seperately for word 
writes, or in pairs for doubleword writes. The SBC can align units of 1, 2, 
4, or 8 bytes, but only words or doublewords can be written. All read | 
operations cause a doubleword (8 bytes or 64 bits) to be accessed with the 
first card (0) containing the even addressed word, and the second card (1) 
containing the odd addressed word. Hence, the necessity of a minimum 


configuration two cards. 


For a memory write operation, the even word of data (MMWDO0-31) and parity 
(WPHO-6), and/or the odd word of data (MMWD32-63) and parity (WPLO-6) from the 
SBC will be written into the RAM by the Write Pulse (WPO-31 or WP32-63) as 
long as R/W (Read/Write), CAS (Column Address Strobe), and RAS (Row Address 
Strobe) are active. Row and column addresses are available coincident with 
& RAS and CAS. Write pulses are generated on the Cache for the odd and/or even 

word cards. This allows a single word write without having to encode an 
address to distinguish bet' evn cards in a pair. When the Check ECC (Error 
Correction (ode) diagnostic feature is active, all data RAMs will be disabled 


and writing will only be allowed into the parity RAMs. 


For a memory read operation, the even word of data (MMRDO-31) and parity 
(RPHO-6), and the odd word of data (MMRD32-63) and parity (RPLO-6) will be 
read from the RAM and transfered to the SBC, when the Column Address Strobe is 
active, as long as Read/Write remains inactive. Again, row and column 


addresses are available coincident with RAS and CAS. 
C. Addressing 
Memory addresses are supplied by the CP or the BA. Of the 24 address bits 


available (BMARO-23), (Refer to TABLE I-3) only eighteen (BMAR3-20) are used 


at the memory card. BMARO is not used. BMAR1-2 are decoded on the Cache into 


card pair selection (Module Select #). 


VI.A.2.M-0a 


Sixteen address bits (BMAR5-20) are required to decode one of the 64k 
memory locations. The eight row addresses (BMAR6-13) are latched into the 
RAM's internal row address decoder by the Row Address Strobe. The eight 
column addresses (BMARS and BMAR14-20) are selected by CEN (Column Enable). 
These addresses are then latched into the RAM's internal column address 
decoder by the Column Address Strobe. BMAR21-23 are not used because the 


lowest accessable addressed unit is eight bytes (two words). 


D. Refresh 


Because a dynamic RAM will not store data indefinitely, the data must be 
written back at least once every two milliseconds. Rewriting the RAM is done 
internally and is called "refresh". With the new 64K RAM chips, the VS~100 
will still refresh every 15 microseconds. This operation has priority over 


all other memory operations. 


When a refresh cycle (REF) is initiated, RAS (Row Address Strobe) will be 6 
enabled for all RAMs, as they require refresh with only RAS cycles. Row 
refresh addresses are supplied by the SBC portion of the Cache. All CAS 


inputs will be disabled by the refresh. Normal memory operations also 
accomplish refresh. 


I-16 


9. 


TABLE I=3. 


| COLUMN ADDRESS _| 


F COLUMN ADDRESS 
ROW ADDRESS 
ROW ADDRES 


ROW ADDRESS 
BMAR 9 F ROW ADDRESS 
ROW ADDRESS 


ROW ADDRESS 
BMAR 1 ROW ADDRESS 


COLUMN ADDRESS 
F 
[oa Coe 
aa erie ——— 


VS-100 CACHE MEMORY THEORY 


VS-100 Product Maintenance Manual. 


10. 


VS-100 BUS ADAPTER THEORY 


original VS-100 Product Maintenance Manual. 


VS-100 MAIN MEMORY ADDRESSES 


VI.A.2.M-0a 


The Cache Theory of Operation section has not changed from the original 


The Bus Adapter Theory of Operation section has not changed from the 


VI.A.2.M-Oa 


“A'-LEVEL* RECOMMENDED SPARES LIST ® 
WLI PART # NAME/DESCRIPTION QTY 
220-3001 l6-pin flat cable, 13 inch J. 
220-3033-21 26-pin shielded flat cable, 15 feet ] 
220-3033-22 26-pin shielded cable W/JKT 24 feet 1 
220-3033-23 26-pin flat cable W/JKT 15 feet 1 
220-3033-24 26-pin shielded flat cable W/JKT 24 feet 1 
220-3033-25 26-pin shielded flat cable W/JKT 15 feet 1 
220-3033-26 26-pin shielded flat cable W/JKT 24 feet 1 
220-3033-33 26-pin shielded flat cable W/JKT 50 feet 1 
220-3033-34 26-pin shielded flat cable W/JKT 50 feet 1 
220-3115 Cache-to-SBC cable, Assy B06482-0592 Z 
220-3116 SBC-to BA cable, Assy B06482-0594 2 
220-3145 Minifloppy data cable 1 
220-3146 Minifloppy control signal cable 1 
220-3148 CM-to-Maintenance Panel Cable 1 
220-3149 CM-to-Maintenance Panel Cable 1 
220-3151 B Bus-to-Maintenance Panel cable 1 
220-3152 B Bus-to~Maintenance Panel cable 1 


* "A" (AREA) LEVEL RSL lists those parts which, because of cost or low 


failures, are not economical to replace at the Branch level. 


VI.A-2-M-Oa 


"B' -LEVEL* RECOMMENDED SPARES LIST 


maintenance successfully 804 of the time. 


WLI PART # MODEL # CEI PART # NAME /DESCRIPTION 
210-7600-A CPl (A-BUS) 

210-7601-A CP2 (B-BUS) 

210-7602-A Control Memory (CM) 
210-7604-1A Cache Memory 

210-7605-A System Bus Controller (SBC) 
210-7608 CPU Motherboard 

210-7609 I/O Motherboard 

210-7614 Maintenance Panel 
210-7803-1A 256K Main Memory (MM) 
210-7803-2A 512K Main Memory (MM) 
210-7803-4A 1024K Main Memory (MM) 
210-7812 Power Supply 

210-7911 Bus Adapter (BA) 

212-3017 (22V25-2) 177-7102 Dual Density Tape IOP 
212-3018 (22V26-1) 177-7103 TC IOP (1 Port) 

212-3019 (22V26-2) 177-7104 TC IOP (2 Port) 

212-3020 (22V26-3) 177-7105 TC IOP (3 Port) 

212-3022 (22V2/-2) 177-7107 Serial IOP (16 Port) 
212-3023 (22V28 ) 177-7108 Large Disk IOP 

270-0459 Mini Disk Controller 
270-0460 Domestic Linear Power Supply (60Hz) 
270-0460-1 Interntn'l Linear Power Supply (50Hz) 
270-0706 Switching Power Supply 
272-0012 Front Panel board 
377-0415HT Chip, Main Memory (64K) 
400-1003 Muffin Fan 


"B" (BRANCH) LEVEL RSL lists those parts needed to perform corrective 


to perform preventive maintenance successfully 1004 of the time. 


Also lists those parts needed 
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Mb00HO-A MUL TI-LerEVEL t Ete OF “ATER FT &€L AS CF WON Oh - 
a H 
ASSEMPLY PART NUMCER 219-76))1-"  - = Lo OE NE ; 
ASSEMBLY CESCRIPTION FC VS-!06 #US ADAETER 4G Lt PSPeANTOMS 72 1TEM MASTER COLY (OCDEQ 8 > 
e 
No 
POSITION IN. LtGEFU COMPONENT CESCRIFTIGN r CON wWUAMTITY UsM ° 
STRUCTURE } “2-2 PART NUYAELA VER AESY « 
o) 
} FS AOC H1L46 62) CAP 6247 UF 7 VOR 527% CEN AMIC MLO 2°C2eE 1S69."00G EACH i) 
} FS B0U-4Li2-. CAF 15.6 UF 20 V duh TANT AXIAL 192768 Ge .0OF tale 
Z FS BOC H4 LL ZR CAP it eG SF 6 Oy 49% TANT AXIAL Tak 1.000 {Lacr 
1 FS 34.-29)16- - KES itd OMM Leow 5% FIXEO COKP P15 Rb6L 2.200 Fe CH 
i FS 3%o-20198 -« rhES th GM S/OW oY OPXEY COME nae ae Le7205 GACH 
1 FS B$0-20'3-+ - RES 352 OHM 1/4w 1o% 6 TXED COMP 2 CiHE 1507509 EACH 
i FS B25-20K3- Oe KES 220 GrM L/4OK SK FIXeD CORP DAE o oo 9.°9CO LACH 
1 IN ro-Rulle RFS 1K OHM 1/4, 5% FIXtO CCMP Hy6e 2f be TNS LACH 
} IN A5Ceu4eQe 4 PIN HOn 9S CFL PC- LOK/EUT 012% 2992086 Gen dd CacH 
1 IN 37.-Cf£e6-. Ce LEMP eKEG (LEL) MVE Seq eCO1LED 92)C0% EACH 
} IN 374-GO0h9- IC 74145 8CO To TEC MECOMER CHIVER 2°91 690 1e750) EACH 
1 IN B7%eebilfae - TAPPLOD DELAY LINE 15°%S/1)0 OrmM IMP 2e709C LACH 
} IN BRO-4L19- CODE SCHOTTRY GaxrRIEw RECT JA5SALS) 20O0}out He iCu LACH 
} IN 39e-4iL2- KIZTSTO IC 7400N 1927HRD 12.2600. £8Ca 
2 IN JOD-+9549- + UTHER OITFECT cost PRO FECH 
z IN 2PeeClige «= 1G 7429N 4 2 TN PQS ANAND GATE 1200056 CACH 
1 IN SYE=ULU3-. CIVTSTG IC 74) 6N 192780 5.1600 LACH 
2 IN OCi-9999- - OTHER GI&FCT cost © 670 LOCH 
oe 2 IN S7TEeubl d= JC 741°N 2 3 IN PUS KAND CATE 16°65 EFACH 
| 
Ne) l IN 396-0614= = tI/TSTO IC 74Z6N 16° IU2 EECH 
i) 2 IN JO09-955G—- - GTHEK DIRECT COST ef bEC EOCH 
2 IN Le 1C 742.2N 2? 4 IN PSS NAND GATE Le.f 0 EACH 
1 IN 39E-00t6- - FI/TSTD IC 7474N 7 CI16NR 7e 290) CECH 
2 IN O95-905G— e GTHER OIKECT COST eek. ERLCH 
2 IN 37€-0cl6- = IC 7474N ¢ CO FOGe TRIS FLIP-FLOP 1.8000 Fach 
1 IN B9B-UL "Te GFIZTSTC IC 7476N boat? G:. (ata 
2 IN go ceasege fe OTHER DIKECT COST 0 J75O0 Eb SCR 
2 IN A7T€-CUn7- - IC 7T&7EN CO JK MhLOeSLV F/F PRST CLE AR 1-°006 ACH 
} IN 39b-l su He “LI/TSTD IC 7442N 20160 Pe CW ACK 
: IN O% Le GLOGe 6 UTHES QOTRECT COST os hbL. “CFCH 
Z IN Sle -0CUB- 1C 7442N 4 LINE<$39 LIVE SECOCER Je 900 FETCH 
1 IN 396 -0U190- - tI/TSTO IC 7444N 1927480, PefCbuU LACH 
2 IN JM2299uUGe a OTHER OIKECT COST o°7&C OF BCH 
2 IN 37e-COlGe = IC 7474N HEX TNVE® TE 2. ONC cAacH 
1 IN rae OD tI/TSTL IC 74°ON 2. C00 {ACH 
2 IN 90L-50%G-. = OThEx DIRECT CCST ee TEN GACH 
Z IN Ve-u'ie- = IC 74 °9N 4 2 TN POS NUR GATE PeiClCOG EACH 
1 IN 39¢-0041l- = FI/TSTA IC 742: Lo(CCO FECH 
z IN ee: OTHER DIRECT CGST 0645 G bE bCH 
2 IN 37€"0G?1- - iC 74°99 & T POS Nend GATE 1.7000 tach 
] IN Gp =LLKGe = VISTSTO TO Pasay P2407: (iors TKCH 
c IN 27t -C Ut Ge - }C 7454 CO 10 SFC CeCOOFR CRIVER 1.e( COC Ac be 


Té-1 


STKUC TURE 


LEGEND 


2 


COMF ONENT 


FART NUMUEK 


S9F -O00tI1= 
000-4999 6 
17o-0II- 


396-00%53- 
997-99°9~ 
376-0 utsge 


396-0698 
O0)+°9595~ 
3$76-0CSH= 


396-0)%8- 
655-9959- 
376-0128 


396°0139- 
000-9499- 
S7b-b159- 


396°0171- 
00)-9°5459- 
376°0) 71- 


390-01) 84- 
O9-94999- 
S7t-O01F4e 


35t¢-0149- 
v9°-9959- 
376°01KR9= 


396°0)5T72- 
000-5549 
S7e-“C19T}= 


39€-0149= 
IOLA 9G 
37620199 


S9E-UC0- 
0000-99996 
376°0< vQe- 


3°6f0cU1- 
000-9599 
37&°029)1¢- 


59t-V2uUcH= 
09)-S$949- 
37Tre07U2- 


OESCRIt TION 


BITSTO IC 747.86 
GTHERK OFRECT COST 
IC 7458 4 2 IN POS AND 


BIZTSTO IC 74k? 
OTHFR DIRECT COST 
IC 742e¢ 4 2 IN OR GATE 


EI/ZTSTO IC 74174 
OTHER DIRECT COST 


CATE 


1C 74174 HEX LD TYPE FLIP FLOF 


EI/TSTO IC 74298 
OTHE CIRECT COST 


WC 74¢98 4 2 IN MX W/STORAGE 


PI/TSTO IC 7414 
CTHER DIRECT COST 


1C 7414 Hia SCHMITT TRIGGER 


EI/TSTO IC 74148 
OTHER GIRECT COST 


IC 74146 A353 LINE PRIORITY ENCODER 


FI/TSTO IC 74851 
OTHER DIR( CT COST 
IC 74851 2 2 « 2 IN 4ND 


HI/ZTSTO IC 4197 
CTHER DIRECT COST 


OK INV GT 


1C 8197 H SPF EOD HEX * STATE BUFFER 


RI/ZTSTOU IC 74S04 
OTHER OIRFCT COST 
IC 74594 HEX INVERTER 


RIZTSTO IF 745 0¢ 
OTHEX CIRECT COST 
IC 74862 4 2 IN PTS NOR 


FI/ZTSTO IC 74338 
OTHER DNINECT COST 
1C 74S5h 4 2 IN POS 4N0 


PI/TSTC IC 74864 
OTHER OJRECT COST 
Je 74864 4 2 2 2 IN 4ND 


bI/TSTO IC 74874 
CTHER OIRECT COST 
IC 74974 @¢ D TYPE F F a 


OATE 


GATE 


Ok INV GT 


FRESE T CLER 


e “OLR 


19278) 


1927460 


19278L 


19278L 


19278DN 


192780 


192780 


19278D 


200180 


GULUANTITY 
PER (°SY 


5.7000 
07150 
1.300C 


20 N00 
e 26 &G 
1. O9OC 


1.7900 
°° 650 
12.°00C 


4.u000 
ef 750 
1. 2306 


1.'000 
02667 
1.,00C 


1.°009 
162906 


Te 1007 
eo Te 


1.40900 


2266 NIVU 
2.750 
le. C0 


7. -090 
29750 
1.7900 


2e 900 
« 730 
1.9C00 


14. .900 
e *750 
1.3090 


7.°5C00 
« 750 
1.¢000 


15.°900 
ef TSC 
}e 009 


Us™ 


f ACH 
thcn 
{ACh 


LACH 
f ACH 
chcnH 


fF ACH 
f ACH 
t ACh 


LACH 
LACH 
t ACH 


LAGH 
C ACH 
LACH 


[ACH 
EACH 
£4CH 


EACH 
ft ACH 
EACh 


CACH} 
LACK 
CACH 


EACH 
EACH 
£ ACH 


t ACH 
tL ACh 
EACH 


EACH 
EACH 
cCACH 


LACH 
LACH 
LACH 


CACH 
{&CH 
t ACh 
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POSITION IN LEGERDO COMPONLAT DESCRIPTION CE C AN QUANTITY Us 
STRUCTURE A. 2:3 FART NUMBER PER ASSY 

1 IN 396-0204" BI/TSTD IC 74tLS257 262000 fF ACH 
2 IN 000-9599- - OTHER DIRECT COST eT7Ee EACH 
2 IN 376-0¢04-— = IC 74LS257 4 e=1 LINE DATA SELC MX 1.C00G tF&Ch 
1 IN S96°-C2°5= = FI/TSTD IC 74532 192780 72.7000 CACH 
é IN 000-9999= «= OTHEF DIRECT COST e 759 CACH 
2 IN S7TE“UcCO5= = IC 74832 4 2 IN PGS OR GATE 16-)800 cALK 
l IN 396-02l6- = BI/TSTD IC 748267 5e1000 ECACH 
e IN 009-9599- <= GTHER DIRECT COST °° 75G EACH 
e IN 37€-+02C6- « IC 748269 ¢ & IN POS NOF GATE 1.°030 EACH 
} IN S96°0clT= = aI/TSTO 1C 748157 2°4070 PP. "III EACH 
é IN V00-9999" -@ OTHER DIRECT COST 0750 EACH 
2 IN 276“EeiT= = TC 74S)57 4 O-1 LINt DATA SELC Mx 1630CC ft ACH 
1 IN 390-0221" « FI/TSTD 1C 748194 10278 3e 000 FACH 
2 IN O0I999"9G=" -« OTHER CIRECT COST e°77T) EACH 
2 IN S7T6E-C221- = IC 748194 4 BIT 81 OTR UNIV SEITFT 1.0600 FACH 
1 IN S9ES0228  - fFI/TSTO IC 74800 192780 96.000 FCACH 
é IN 000-9599- = OTHER DIRECT COST 05990 EACH 
2 IN 376-G2ec8- = IC 74800 4 2 IN FOS NANO GATE 1.3000 Latni 
1 IN 396-be20- = FI/STSTO IC 74829 1S278D 20379 EACH 
e IN uC CH3099S = OTHEN DIRECT Cost 0eF58G cath 
Mg IN 376-0230" = 1C 74S2c 2 4 IN FOS NAND GATE le ‘G00 EACH 
1 IN S96"UZ35- FIZTSTO IC 7T4s1€3 72.9000 LACH 
IN G0.c:<+99%5=. “= OTHER OIRECT COST 05759 CACH 

c IN S7€-0235=.. = 1C 74£163 SYN 4 FIT COUFTER 1.7900 EACH 
| IN 396-02l7Te = EI/TSTO IC 74811 Se 090 CACH 
c IN 000°9S99- = OTHER CIRECT COST ©3544 EACH 
e IN STo-O0el7)- = }C 74511 3 3 IN POS AND GATE 1.9000 cACH 
1 IN 396-0238- - EI/TSTC IC 74510 192780 1.000 cACH 
e IN Done se99< . = CTHER DIRECT COST ©3580 LACH 
2 IN S76°0c¢7%8- = IC 74S10u 3 3 IN POS NANC GATE be JVt EACH 
1 IN 3S6°0e46= = PIZTSTD IC 74828: 192780 1He “990 EACH 
2 IN 000-9559 - GTHER DIFECT COST 005590 LACH 
2 1N S7?t-024b= = IC 74ScR0 S sIT O6O (VEN PARITY GEN 16-900 LACH 
j IN S36¢°70247= = cI /TSTO TC 748174 BeJ00 EACH 
2 IN 000-9559- = OTRER DIRECT COST © 565G EFCH 
é IN S7To-0¢47" IC 749174 HEX CG TYPE FLIP FLOF 12-2000 taACh 
1 IN S96" 70S. “= EIZTSTO IC 74S375 19276D beeJT7 EACH 
é IN O0T4+9599" «= OQTHEF OIKECT COST eT RO ESCH 
2 IN S7¢-0c70- = 1C 745175 4 UNHTYFE FSF 1679090 técr 
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POSITION IN LEGEAD 


STRUCTURE l. 2 


COMFONENT ~ 
PART NUMBER 


396-0271- 
000-99¢9- 
376°0¢7)1- 


39tb-U2b be 
050294 45- 


376°0¢A6- 


396°02Kb- 
00C-9599- 
S76-Oirde 


396°0.°%C= 
6( (799996 
376 -02%6= 


5344-0256 
009-95°9- 
5376-02982 


296707" l< 
000-9°999- 
376°C!01- 


396-0305e 
900-9999 
37b6-0!CE= 


396-0306 
005-959"9- 
STe-S 236 


39¢€-07210- 
000-9999- 
376-0310- 


396-0235e 
Cour 55S9= 


S7&°0l53- 


S96"0254- 
000-559 
ST6euUtS4e 


39t°0149- 
090-44NG9- 
376-0 '496 


Hoe 2uS5 eS Se 


513-75) le 
boi tedutle 


DESCRIPTION FCN 


EI/ZTSTO IC 74SA6 
TTHER DIRECT COST 
1C 74586 4 2 INPUT EXCLUSIVE CR 


BI/TSTC IC P4LSt74 192780 
OTHER CIRECT COST 

IC 74LS2774 8 LATCHES W/TR ST OUTP 
PI/TSTD IC 74LS244 

OTHTR DIRECT COST 

IC 7T4lLS$244 OCTUAL BUF/LINE OR 3 OUT 


FI/TSTO IC 745837 200180 
OTHEk OIRECT COST 
TC 74S27 4 2 IMPUT PUS NAND BUFFER 


BI/TSTO IC 7T4S13h 
OTHER OIRLCCT COST 
1C 748138 3 TO 8B LINF DECODER /MPx 


BI/TSTD IC 745158 19278D 
OTHER OIRECT COST 
IC 74S15F GU4D 2/1) DNATA SELECT/MVX 


FI/TSTO IC 745374 192780 
OTHER OIRECT COST 
JC 748374 OCTAL PF TYF FeF SCHCTIKY 


PE/TSTU IC 74st7? 
OTHER OIRECT COST 
IC 745372 OClalL O-TYF LATCHES SCHTT 


BI/TSTO IC T4LSt73 
OTHERH OIRECYT COST 
IC 74LS372 OCTL D-TYP LATCHES SCHTT 


SI/TSTO IC 748139 
OTHtEk OJRECT COST 
IC 748139 2 10 4 LINE CECQDE CEMUx 


PI/TSTO IC 74824: 192780 
OTHER CIRECT COST 
1C 74S24. OCTAL FUF/LINE DR/LN REC 


t1/TSTO IC 748189 
OTHER GIRECT COST 
IC 74S189 16 4-RIT WORDS TRI@=ST OVP 


FACEFLATL» PeCe. BL C&04 1100105196 317706C 
FCH V5-"“10G BUS ADELPTER FC 
994K /4 PAN HD FHL *S SS PALe SERS 177060 


QUANTITY 
FER ASSY 


126700 
©4110 
1. 1000 


1.7000 
e 1360 
129000 


4e"(9Q 
e775) 
1.0000 


4.000 
1759 
121999 


3233900 
2 (£80 
1-000 


1329009 
ev750 
© 7000 


18.0006 
e 1750 
1.u900 


15-2 °2700 
01°60 
1.740" 


53e C000 
° 7980 
1.7000 


225006 
eC58C 
12-I9N9C 


Se -665 
e SAl 
12.000 


2229009 
e “Sku 


1-¢100C 


1.. 0900 
1-2-5606 
te. u04 


U/M 


LACH 
LACH 
t ACH 


EACH 
tC ACH 
EACH 


EACH 
EACH 
LACH 


EACH 
EACH 
EACH 


E&CH 
t ACH 
EACH 


EACH 
EACH 
EACH 


LACH 
t ACH 
EACH 


LACH 
C4CH 
t ACH 


EACH 
CACH 
Each 


EACH 
E4&CH 
tACH 


LACH 
cACH 
caCh 


C&CH 
LACH 
ct ACH 


CACH 
LACH 
LACH 


PO-W’°C°V°IA 


7¢c-I 


MHOOQHON-A 
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ASSEPRLY FART NUPPER 
ASSEMBLY P&SCRIPTION 


POSITICNA 
STRUCTURE 


AO M2 AD AD AM AM AP A 


IN 


LELENL 
», 2 * 


IN 
IN 
P IN 
IN 
FS 
FS 
FS 


FS 
FS 


FS 
FS 
FS 
FS 


| ee eae SA 


t 


elle TACaAW4he 
FCA VS1 NC 


COMPONFAT 


FAKT NUPGER 


Fi = pk 
Vredlie 
27°G"TAN3-4 
330°193CH- 
3°°=#1)9%H 62 
S57 S477 R= 
36. “4U182R 


Sh.°*4122- 
37° -472Z-R 


a Oe 
33 '+1547- 
S35 21uF&6- 
33°-3010- 
37¢°€ 139 
STAeN 8332 
Joe V3 he 
2746°9i 26 
S9FeL1R 4 
9¢°295994 
276°C 184 


394-01 65- 
S41 -9599- 
376 -U189= 


39€°0197- 
NA ©GQQGe= 
3S7hean 197-= 


S%6290720N- 
00° -9999- 
37e-020f- 


SCR =90 6 56 
vf e999 G= 
S7¢-0295- 


346-022 Be 
0° -9999- 
SThmIE2 Re 


356-930)- 
a 24agye 
37 -0301- 


ROGRC Robe 
LG -9999- 
ATE Ue 


QD eZ GGAk Ge 


L 


eM S9 


Pf Tet OF 


LEGEAT 


HIT MAIN MtM 1 724K 1: PIFREANTOMS 23 


NE SCRIPTION 


LAROR CALCULATING SYSTFEFS 
L AEOR Qt ALITY CONTROL 


PCA VS1°% 56X29 FIT MAIN MEM 107 4K 
ol} UF SOV #h "20% CERAMIC CARFCHIFROG 


CAR 2°47 LF EF VORMNOE TX CERF AMIC MLO 
CAF 1Po7 UF 95 Vi1Y7% TANT AXTAL 


CAP 18.20 LF YoV YOR TANT AMTAL TBR 


CAP Few UF FY V AFX TANT AXIAL 


CAP 1%. LF 7 7V¥ 10% TANT AXIAL TARR 


REFS 22 OFM Y/4W 1°% FIXEC COMP 
FES 47 OFM 1/4W JEX FIXECL COMP 
BES fe OFM 1/4W 7X FIXEC COMF 
RES 1K CHM 1/4 1°%R FIXYEC COPF 
1C 7434 HEXY SCHMITT TRIGGER 

1C 748139 2 TO 4 LINF DECCOEF DEMUX 
1C 74S24* OCTAL FUF/LINE CR/LN REC 
IC 1f FIN SOCKFT HURRDY 

PI/TSTC FC 74S*j 

OTHER DIRECT COST 

IC 7485) 7 2 W 2? IN AND CR INV GT 


AI/TSTO IC HT97 
CTRER PIRFECT COST 
1¢ B197 H SFEFD HEX 7 STATE BUFFER 


EI/TSTO IC 74874 
OTHER DIRECT COST 
IC 74S .4 KEX INVERTER 


PI/TSTC IC T4sreg 
CTHER DIRECT COST 
IC 74S°*R 4 ¢ IN FOS ANC GATE 


PI/TSTD IC 74832 
CTHE® DIKECT COST 
IC 74832 4 2 IN FOS OR GATE 


BI/TSTO TC 74seu 
OTHEK DIRECT COST 
1C 748° 4 @ IN FOS NAND CATE 


EIVTSTD TC 74o)5& 
OTHER DIRECT COST 
IC 74915 QUAD 27} DATA SELECT /SPVX 


FI/TSTO 1C 74S378 
OThER OFPECT COST 
TC 745372 OCTAL C-TYF LATCKES SCETT 


hMANDLE « Pole NAF) CAO0 CHE I? 


MATE F YT AL AS OF 


TTEM MASTER DELY 


Sao & 


21367 
©1167 
2) TET 
2il67 
<)le7 
23167 


¢1167 


21167 
21167 
<1 167 
21167 
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APPENDIX J 


This section contains information concerning the 
new VS-90, including description, specifications, 
installation, diagnostics, theory of operation, 


and an updated "A" and "B" level Recommended 


Spares List (RSL). 
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This apperdix will describe the VS=-90 and ineludes system installation 
information, Cache and Main Memory card insta.lation and removal in.ormation, 


diagnostic information, upeated theory of operation, and "A" and B" level RSLs. 


J@ WESCRIPTION 


The VS-90, a modified version of the VS-100, is a packaped Svstem, 
consisting of the CPU and: 
A, One 22V27-2 serial IOP to control up to sixteen workstations/printers. 
- One 22V28 or 22V28A disk IOP to control up to four disk drives. 


B 
C. One 22V25—2 or 22V15-2 tape IOP to control up to four tape drives. 
D. One 22V26-3 TC IOP to control three te!ecommunicotions lines. 

E 


ne «6 One :«-2266S-1 Archiving Workstation to serve as the operator console, 


The standard VS Operating System and one comp‘ler (customer's choice) are 
part of the package. The VS-90 CPU will run on tte standard VS Operating @ 
System Revision 5.0 or above, but Revision 5.2 is required for systems 


containing more than 2 megabytes of Main Memory. 


Listed below is the new serial tag information for 60 cps ac line 


frequency Mainframes. The serial tag number prefix for 50 cps ac line 


frequency Mainframes is 15/7. 


MODEL NUMBER | SERIAL TAG # | MEMORY SIZE (Bytes) 
VS-90-1 177-7155 1.024 Meg 
VS-90-2 177-7157 2.048 Meg 
VS-90-3 177-7158 3.072 Meg 
VS-90-4 177-7159 4.096 Meg 


From an architectural point of view, the VS-90 is identical to the VS-100 


except: 


A. The Cache Memory card, now designated as 210-/604-1B, has modified 


refresh timing to support the new 210-7803 64K RAM Main Memory card. 
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& (Refer to Appendix I of the VS-100 Product Maintenance Manual for 
information concerning the 210-7803 Main Memory card.) The old 16K 
RAM Main Memory card, 210-7603, is NOT supported, 
Be All RAM (Random Access Memory) chips, WLI #377-0413, have been 


removed from the Cache card. 
Cache Memory Description 


With all RAM (Random Access Memory) chips removed from the 210-7604-1B 
Cache card, it can no longer provide high speed data read access for the CP by 
acting as a buffer between the CP and Main Memory. Its three remaining 


important logical functions are: 
A. Main Memory control. 
B. Main Memory refresh. 


Gis IPC (Interprocessor Communications) control. 


All other VS-100 hardware features are found on the new VS-90 (e.g., 


64-bit data busses, System Bus Controller, loadable Control Memory, etc.). 


The VS-90 has the following configuration restrictions: 

A. Main Memory can be increased from a minimum of 1 megabytes of Main 
Memory to a maximum of 4 megabytes in one megabyte increments. Only 
the first four memory slots of the motherboard are used. 

B. Only one Bus Adapter with a maximum of eight IOPs is supported. 

Cs A maximum of 48 serial devices (workstations/printers) are supported. 

dD. A maximum of two disk 10Ps are supported. This means that 2.3 
gigabytes of on-line disk storage are available when the VS-90 is 
fully configured with 8-288 megabyte disk drives. 


Any hardware additions that exceed these restrictions will require a field 
upgrade. This field upgrade will change the VS-90 to a VS-100. 


Additional tape and telecommunication IOP's (a maximum of 8) can be added 


to the system. (Total: a maximum of eight (8) IOP's.) 
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3. SPECIFICATIONS @ 


Following are the physical, electrical, and enviromental specifications of 
the VS-90. 


Ae Physical Specifications 


Net Weight Pounds Kilograms 
353 | ee ores: 


All other physical specifications are identical to the VS-100 


specifications, (Refer to paragraph 1.12, System Specifications). 


B. Electrical Specifications: All electrical specifications are 


identical to the VS-100. 


C. Enviromental Specifications: All enviromental specifications are 
identical to the VS-100. © 


D. Architectural 


Minimum Main Memory -—-~ IMB Maximum # IOPs -- 8 
Maximum Main Memory -— 4MB Maximuun # of Disk @1.2MB -- 8 
Incremental Memory -— 1MB Maximum # of Tape Drives -- 4/I0P 
Cache Memory -- None Maximum # of TC Lines ~- 3/I0P 
Maximum Disk Storage -- 2GB 

Memory Cycle Time -- 480ns Microinstruction Time -- 160ns 
CPU Data Path —- 32-bit Main Memory Data Path -- 64-bit 
IO Data Path -- 16-bit Word Length ~~ 32-bit 
Virtua: Address Space —- iMB Virtual Address Space —— 1MB 
Per User Per Process 

Concurrent User Tasks -- 72 Background Tasks —- 24 
Concurrent Ser. WS -- 48 Concurrent WS & Printer -- 48 
Concurrent Peripheral -- 128 
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4. SYSTEM INSTALLATION 


Installation of the VS-90 is the same as the installation of the VS=-LOO 
except for Main Memory card locations and Main Memory size switch settings. 
Refer to Chapter 3, Unpacking and Installation, for complete installation 
instructions. Refer to paragraph Figure J-2 and Table J-l of this Appendix 


for new Main Memory size switch settiugs and Main Memory card locations. 


5. INSTALLATION OF CACHE AND MAIN MEMORY CARDS 


Refer to Chapter 3, Unpacking and Installation, for installation 

information on other Mainframe circuit cards. 

A. After checking memory~size switch settings (Figure J-2) on the Cache 
Memory card, connect the 16-pin ribbon cable from L46 of the 
210-7604-1B Cache Memory card (Appendix I, Figure I-2) to L83 of the 
210-7605 SBC card (Appendix I, Figure I-4). 

B, Install the 210-7604-1B Cache Memory card in Motherboard slot #4, 
(Refer to Figure 3-7 for card locations.) 

C. Refering to Table J-1, inst7ii the 210-7803 Main Memory cards in 
pairs starting at Motherboard slot numbers 6 and 7, Cards in 
even-numbered slots (6, 8,) contain even data words; cards in 
odd-numbered slots (7, 9,) contain odd data words. The total number 
of PAIRED memory cards determines Main Memory size, Make sure that 
the number of memory cards equals desired memory size (refer to work 
request). Do NOT leave open slots between memory cards. 

D. Make sure that all cables running to the cards are reinstalled in the 


correct locations (refer to Table J-2) and all cards are firmly 


seated in place. 
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FIGURE J-2. VS-100 MAIN MEMORY SWITCH SETTINGS & 
LOCATED ON THE 210-7604-1B CACHE CARD 


MEMORY SIZE 


IN BYTES 


NOTE: N/S in the Memory Size column indicates the memory sizes that are NOT 


supported on the VS-90. 


TABLE J-1. MAIN MEMORY SIZE 


SLOT #'s PAIR # MEMORY SIZE* | COMMENTS 


2 Mbyte Slot 6 is memory card O (even words). 


(Maximum) Slot 7 is memory card 1 (odd words). 


4 Mbyte Slot 8 is memory card 2 (even words). 


(Maximum ) Slot 9 is memory card 3 (odd words). 


* Except for pair O which must always be 1 Mbytes, this is maximum 
memory Size with the specified number of memory cards. Using 


half-loaded cards results in smaller memory sizes than indicated by 


this table; that is, with half-loaded memory cards, pair O fully 
loaded and pait 1 half-loaded will equal 3 Mbytes, and so forth. 
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TABLE © ,. INTERNAL CABLE CONNECTIONS 


PC CARD CONNECTOR TO CONNECTOR PC CARD 
210-7604-1B JI 43 210-7911 
" i2 J4 : 

" 53 J3 210-7605 
" J4 J4 ‘“ 
" L46 l6-pin ribbon cable L83 ‘i 


6. REMOVAL OF CACHE AND MAIN MEMORY CARDS 


Refer to Chapter 7, Removal/Replacement Procedures, for removal 


information on other Mainframe circuit cards. 


A. Power down the Mainframe and place the circuit breaker in the OFF 
position. 
Bs 1. Remove the two 60-pin connectors from the top edge of the 7604-1B 
Cache Memory card that attach to the 7911 BA card. 

2. Remove the two 64-pin connectors that attach to the 7605 SBC card 
from the right edge of the 7604-1B Cache Memory card. 

3. Remove the 16-pin ribbon cable from L46 of the 210-/7604-1B Cache 
Memory card to L83 of the 210-7605 SBC card. 

4, Remove the Cache card by grasping the top corners and gently 
rocking it from side-to-side while exerting a steady upward 
pressure. Once the card is free of the slot, ease it up and out 
of the Mainframe, 

Ce Remove the 7803 Main Memory card from the Motherboard in the same 


manner as the previous card. 


Pee gn lea 


7. DIAGNOSTICS 


The VS"90 has two forms of diagnostics available; On-line diagnostics and 


Off-line diagnostics. 


All currently available VS 100 On-line diagnostics will he available on the 
VS-90. On-iine diagnostics are stored on the system disk in library @SYSTST@, 
They will be executed under the control of the operator in the standard VS 


Operating System environment (i.e. while the system is in operation). 


Standard Off-line diagnostics are stored on standard disk volumes in 


library @DIAGSA@. They are selected using the ‘*and-Alone Boot Loader. 


In addition the VS90, li.e the VS100, will have a set of microdiagnostics 
available for off-line testing of the CP, Control Memory, SBC, and Main 
Memory. With the exception of three tests that have been modified to run on 
the VS90 and one test that will no longer pertain (Cache Memory test), the 
remainder of these microdiagnostics will be the same as those used on the 
VS100. Note that even the three microdiagnostics that have been modified will 


reference the VS100 version of the applicable diagnontics documentation, 


The following microdiagnostics that referenced Cache Memory have been 


rewritten by Diagnostic Engineering so that they can be used on the VS-90, 


Part Number Test Description 

702-8027 VS90AA10 Memory Opcodes and Multiply Group Diagnostic 
702-8028 VS9OAF10 Branch Next Macro-Instruction Group Diagnostic 
702-8029 VS 90ODE10 Main Memory Board Diagnostic (64K Chips) 


A. ON-LINE DIAGNOSTICS 


The following is a list and description of the "System Level” Diagnostics 


that will be available for the VS90, 


1. FTU Program (WLI #702-0099A) 


The FTU program is a software simulation of the functions 
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@ available on the hardware Field Test Unit CFTU) that fe need for 
testing and adjusting disk drives. Jt lets the operator execute 
the Control functions and Read/Write operations necessary to test 
and perform field level maintainence adjustments on the disk 


drives. 


2. TPTEST (WLI #702~-0187) 
This program is a software exerciser that lets the operator test 
and troubleshoot the tape drives currently used on existing VS 
systems, It tests the control functions, tape movement, BOT/EOT 


sensing, Write Protect, and other tape unit functions. 


3. TCLIOPTST (WLI #702-0132) 
This is a test program for the existing VS telecommunications 
IOP. It lets -he operator test the basic functions of the 


telecommunications controller. 


& 4, SERIAL DIAGNOSTIC MONITOR PACKAGES 

The Serial Diagnostic Monitor Packages are OIS Diagnostic 
packages converted to run under the control of the VS Operating 
System. They are used to download diagnostic microcode to the 
serial peripheral device to be tested. These packages include 
coverage for all serial workstations, matrix printers, chain 
printers, band printers, daisy printers, archiving workstations, 
twin sheet feeders, envelope feeders, typesetters, the TCBl, and 
Image printers. They also include the ability to test the Z80 


microprocessor and it's RAM memory. 


B. OFF-LINE DIAGNOSTICS 


The following is a list and description of the "Stand-alone" Diagnostics 


that will be available for the VS90. 
© 1. STAND-ALONE BOOT LOADER 
This program is not a diagnostic but enables the loading of 


Stand-alone diagnostics without a resident Operating System. 


A oe 


It allows multiple Stand-alone diagnostics to reside on 


self-booting, 


2, VSLOOMEM 
VSIOOMEM will be altered to execute in the 


memory chips) for repair of Main Memory to 


3% FTUA 


standard label 


disk volumes, 


VI Ae MeO 


VS90 environment (64K 


the chip level. 


FTUA is a “Stand-alone” version of the On-line FTU program 


described earlier in this document, 


the Operating System cannot be run, 


OFF-LINE MICRODIAGNOSTICS 


Part Number 


702-8001A 
702-8002A 
702-8003A 
702-8004A 
702-8005A 
702-8006A 
702-8007A 
702-8008A 
702-8009A 
702-8010A 
702-8011A 
702-8012A 
702-8013A 
702-8014A 
702-8015A 
702-8016A 
702-8019A 
702-8020A 
702-8027 

702-8028 

702-8029 


Test 


T0010 
T1010 
T2010 
T3010 
T4010 
T4110 
T5000 
T6010 
T7010 
T8010 
T9010 
TAO1O 
TBO10 
TB110 
TCO1O 
TDOLO 
TBBLO 
TBB40 


VS9OAA10 
VS9OAF10 
VS9ODE10 
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Description 


CP4 
CP4 
CP4 
CP4 
CP4 
CP4 
CP4 
CP4 


CP4 


Microsequencer 
Instr. Cntr. 
Branch Cond. 
Stack 

Stack Address 
Registers 
Maint. Panel 
Control Mem, 
Control Mem. 
Registers 

Stack & TRAM 
Add & Subtract 
Logical Instr's 
Move Instr's 
shift & Decimal 
CC & Arith. 

SBC & ECR 

SBC & ECC 

Mem Opcodes 

BNM Instr. 


Main Mem (64K Chip) 


It is designed for use when 
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BR, VS-90 CACHE THEORY 


A. Cache Revisions 


With all of the RAM chips removed, the Cache Random Access Memory (fi,ure 
2-7) can no longer provide high speed data read access for the CP by acting as 


a buffer between the CP and Main Memory. 


The cache principle is based on a "HIT" (data was found in cache) or a 
“MISS” (data was not found in cache). Because all of the RAM chips have been 
removed, data that the CP requested from cache will never be found and every 


request will result in a "MISS", 


The MISS signal is sent to the Control Memory to stop the CP 't' and 'L!' 
clocks, if no BA is requesting a Main Memory cycle. The CP is forced to 
request a doubleword read directly from Main Memory. It will now take a full 


480 nanosecond cycle for a Main Memory doubleword read compared to a Cache 


read only cycle of 80 nanoseconds when the RAM chips are installed. The MISS 
is also recorded in the External Condition Register of the System Bus 


Controller but will be invisible to the micro program, 


Cache parity errors, which would normally cause a doubleword read, are no 
longer recorded in the Bus Transaction Log on the SBC, They have been 


eliminated to prevent false error indications when diagnostics are being run. 
Be Main Memory Addresses From BA and CP 


Both the CP and the BA produce a 24-bit Main Memory address for their 
respective Main Memory operations. The CP addresses (MA0-23) pass through the 
CP Memory Address Latch on the Cache card while the BA addresses (BAO-23) pass 
through the BA Address latch. The addresses are sent to the Main Memory 
Address Multiplexer and the memory operation in progress (CP or BA) will gate 


the correct set of addresses through to Main Memory as BMAR3-20. 


AU Neagle 


‘or Main Memory Data Direct To CP ® 


Data trom Main Memory to the CP, caused by a Cache MISS and a doubleword 
read, passes through the Cache card on the way to the CP, The data word, 


DIRDO-31, can also be IPC data from the BA to the CP, 


Two other sections of the Cache card, although not part of the Cache 
Memory, are the Main Memory control and the IPC (Interprocessor 
Communications) control logic. 


D. Main Memory Control 


The Main Memory Control logic on the Cache card (Figure 2-8) is actually a 


system Bus Controller function, but is located on the Cache card due to the 

physical limitations of the SBC card. Both the CP and the Bus Adapter can 

request a variety of memory read and write operations, and both encode their 

own memory operations and requests. The BA, because it must support the I/0 
Processor, is permitted a 16-bit (halfword) memory write that the CP is not & 
allowed. The CP has the lowest memory priority and does not require a request 

line because the memory control defaults all unused memory requests to the 


CP. Fach BA has a request line. 


The Main Memory Operation Decoder decodes the CP memory operation from a 
Control Memory word when no BA memory requests are present. The BA Priority 
Network chooses the BA with the highest priority (MRBA1-4) and allows the Main 


Memory Operation Decoder to decode the BA operation from bits BACO-2. 


The Main Memory Timing Generator produces all the memory control signals 
discussed under Main Memory Control Signals, paragraph 2.6.1. The CP MDR 
Select Logic allows the selection of the appropriate CP Memory data Register 
for memory read commands. The STOP CP signal, halting the 't' time clocks of 
the CP, will be present because there was a Cache MISS; if control was busy or 
doing a refresh and a CP write command was issued; or, if a BA memory request 


was in progress and a CP write command was issued, 
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Main Memory refresh lopie is also part ct the memory control. It provides 
refresh control and row addresses (BMAR6-13) to the Main Memory at 15 micro- 


second intervals, Refresh has priority over all other requesting processors, 
ies Interprocessor Communications Control 


IPC (Interprocessor Communications) control lopic (Figure 2-9) is also a 
System Bus Controller function but is located on the Cache card due to the 
physica! limitations on the SBC. The logic is responsible for IPC message 


send and receipt control. 


The IPC feature has two basic functions. The first function allows two 
processors to communicate with each other without using Main Memory 
facilities, and the second function allows the I/O Processor to interrupt the 
CP because the CP will not accept asynchronous messages 1'om the IOP. The CP, 


Bus Adapter, and SBC are all considered processors. 


The IPC data words are 32-bit messages created by a processor. There are 
two types of messages (dialogs); CP initialization of the BA, and I/0 


initialization and interrupts. The BA is used for buffering and routing the 


message, 


The IPC receipt RAM stores IPC data bits O-/7 in the form of a message 
receipt control, a sending processor number, and a destination processor 
number, The RAM does not stor? che actual message. The Message Receipt 
Control Logic allows acceptance or rejection of any IPC message from any 
processor. The MDR Load Control alerts MDR#4, the IPC memory data register 
for the CP, of a pending message. The Bus Adapter IPC Ready Control produces 
the proper Data Ready (DRY1-4) signal to a particular Bus Adapter. DRY1-4 
corresponds to Bus Adapter 1-4. DRY will be used at the BA to gate the IPC 
data into the B. A. IPC Data Latch. 
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"A" =-LEVEL* RECOMMENDED SPARES LIST © 


WL? PART # NAME /DESCRIPTION QTY 
210-7604-18 Cache Memory i 
210-7608 CPU Motherboard 1 
210-7609 1/0 Motherboard 1 
210-7614 Maintenance Panel 1 
210-7812 Power Supply 1 
270-0460 Linear Power Supply ] 
272-0012 Front Panel Board 1 


"A" (AREA) LEVEL RSL lists those parts which, because of cost or low 


failures, are not economical to replace at the Branch level. 


"B"=LUVEL* RECOMMENDED SPARES LIST 


WLI PART # , NAME /DESCRIPTION _ QTY 
210-7600-A CP1 (A-Bus ) 1 
210-7601—-A CP2 (B-Bus ) 1 
210-7602-A Control Memory (CM) 1 
210-7605—A System Bus Controller (SBC) 1 
210-7803-2A 512K Main Memory (MM) 1 
210-7611 Bus Adapter (BA) 1 
212-3017 Dual Density Tape IOP 1 
212-3018 TC IOP (1 Port) 1 
212-3019 TC IOP (2 Port) st 
212-3020 TC IOP (3 Port) 1 
212-3022 Serial I9P (l6-port) 1 
212-3023 Large Disk I0P | 1 
270-0459 Mini Disk Controller 1 
270-0706 Switching Power Supply 1 
"B" (BRANCH) LEVEL RSL lists those parts needed to perform corrective © 
maintenance successfully 804 of the time. 
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VS-100 ASYNC DEVICE CONTROLLER 


K.1 GENERAL 


This appendix describes the VS-100 22V36 Async Device Controller (ADC). 
Included in this appendix is information on theory of operation, installation, 
maintenance, troubleshooting, and field replaceable units (FRUs). 


K.2 HARDWARE DESCRIPTION 


The heart of the ADC is an Intel 8086 Microprocessor, which supervises 
eight RS-232-C I/O channels with programmable baud rate (1200-19.2 KB) and 
protocol for each channel, and one Wang PC-compatible parallel printer port. 
-The ADC can support eight Wang 2110 workstations or eight async devices with 
RS-232-C interface. The eight serial devices are driven through an async 
serial link via a full duplex RS-232-C connector. The ADC communicates with 
the host VS through a 2K-word direct memory access (DMA). 


The ADC consists of the following four pc boards: 


® TCP/IOP Motherboard (WLI P/N 210-7826) -- This previously existing 
16 x 16.5 inch board plugs directly into the VS-100 motherboard 
and contains the IOP hardware. The 7826 is used as the mother- 
board for the 210-8168 device adapter (see below) in order to 
maintain compatibility with the existing IOP software. 


e Controller Board (WLI P/N 210-8168) -- This 16 x 14 inch 8086-based 
device adapter board plugs directly into the TCP/IOP Motherboard 
and contains the electronics and logic (except for transceivers 
and IOP). The controller board also has four 40-pin cable con- 
nectors and one 26-pin cable connector to carry the signals for 


the eight RS-232-C ports via ribbon cables to the back panel as- 
sembly. 


6 Line Driver/Receiver Daughterboard (WLI P/N 210-8324) -- Discrete 
drivers and receivers, which support the eight RS-232-C ports and 
the printer port and provide communications up to 2000 feet, are 
Located on this 5 x 9 inch board. It plugs into the 210-8323 
connector board and is located just inside the back panel of the 
system. The transceiver board interfaces the connector board to 
the controller board via ribbon cables. 


® Line Driver/Receiver Motherboard (WLi P/N 210-8323) -- This 5 x 9 
inch board fastens directly to the back panel of the system and 
provides the eight RS-232-C connectors to the user. It is the 
motherboard into which the 8324 board plugs. The 8323 and the 
8324 boards fasten together to form the Async Rear Panel Assembly. 
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K.3 SOFTWARE DESCRIPTION 


The ADC requires Operating System (OS) Release 6.4X.XX to provide the sup- 
port to load a microcode file to the ADC and to support the eight async work- 
Stations. 


K.4 FUNCTIONAL DESCRIPTION 

The following paragraphs give a brief overview of the operation of the 
VS-LOO ADC. An upper level block diagram (figure K-2) is provided to aid the 
reader in understanding the workings of and the relationship between the dif- 
ferent functional areas. 
K.4.1 MEMORY 

ADC memory is organized in three parts (see figure K-1): 

e Code RAM 


DMA Memory 
e PROM Memory 


1024K FFFFF 
1016K 8K Bytes PROM FEOOO 
1012K Not Used ; FDOOO 
1008K 2K Words DMA Static Memor FCOO0O 
FBFFF 
Extended Code RAM 

256K 40000 
3FFFF 

256K Bytes Dynamic Code RAM 
O Bytes 00000 


Figure K-1. ADC Memory Organization 


K.4.1.1 Code RAM 


Code RAM is a 256K, 640K, or 1 Meg (depending on whether and to what ex- 
tent 256K chips are used) dynamic random access memory, accessible to both the 
8086 microprocessor and the direct memory access (DMA) controller. The 8086 
uses code RAM to buffer data to and from the I/O ports. The DMA controller 
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passes messages to and from the IOP via this RAM under the control of the 
8086. Arbitration between the 8086 and the DMA and refresh are hardware con- 
trolled and all non-—contended accesses occur without wait states. 


K.4.1.2 DMA Memory 


DMA memory can be accessed directly by the 8086 or the host VS via the 
IOP's DMA circuitry. This memory allows the 8086 to initiate the transfer of 
data to or from the host VS while simultaneously handling the incoming data 
from terminals. Hardware arbitration allows the 8086 to access the DMA memory 
while a DMA is in progress. The DMA itself, even when initiated by the ADC, 
is controlled by the IOP motherboard. All accesses to this RAM are word 
(16-bit) oriented. 


K.4.1.3 PROM Memory 


Two 2732A PROMs reside at addresses FEOOQO to FFFFF Hex. These PROMs are 
accessible only to the 8086 and are used for diagnostics and IPL. 


K.4.2 ADC/IOP COMMUNICATION 
There are two communication paths between the ADC and the IOP -- one for 


messages and one for data. 


K.4.2.1 Message Transfer 


IOP to ADC Messages: ADC to IOP Messages: 
e START 1/0 © READ DATA 
@ HALT I/0 ° WRITE DATA 
@® CONTROL I/O e WRITE I/O STATUS 
e RESET e QUIT 
® GRANTED (TASK COMPLETED) 
e INIT 


Message transfer is accomplished over an eight-bit bus between the ADC 
code RAM and the IOP. When the ADC wishes to send a message to the IOP, the 
8086 sets up the message in code RAM and programs the DMA controller. The DMA 
controller will interrupt the 8086 only at the completion of a message trans-— 
fer to the IOP. Because the DMA controller has only 16 address bits and pag- 
ing is not supported, message transfer must use the lower 128K words of code 
RAM. Also, the RAM address will be twice the value in the address register of 
the DMA controller. 


K.4.2.2 Data Transfer 


Data transfers between the IOP and the ADC include microcode loads to the 
ADC as well as communication to and from the ADC I/O ports. The IOP initiates 
the microcode load, but thereafter all transfers are initiated by the ADC, us- 
ing the Read Data and Write Data messages to pass the parameters of the trans 
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fer to the DMA hardware on the IOP. The IOP DMA hardware then takes control 
of the transfer of data between the ADC's DMA RAM and the system I/O bus. The 
8086 may access the DMA RAM during such a transfer. 


K.4.3 SERIAL I/0 CHANNELS 


Four 8274 multi-protocol communication chips support eight full duplex 
serial I/O channels which are routed to the RS-232-C interface for both short 
(up to 2000 feet) distance direct communication and longer distance connection 
via modems. The basic function of the 8274 is serial-to-parallel and paral- 
lel-to-serial conversion. The 8086 accomplishes single byte data transfers 
between the 8274s and memory via I/O. Each 8274 has an interrupt request line 
to a slave 8259 interrupt controller. 


Power on or software reset enables the baud rate generators (BRG) to the 
transmit and receive clocks. An I/O command may be issued to switch the clock 
selection to external. In this mode, the transmit and receive clocks are en- 
abled to the RS-—232-C connectors. 


K.4.4 BAUD RATE GENERATOR 


There are four Motorola K1135C Dual Baud Rate Generators (BRGs) on the 
8168 Board. Each BRG simultaneously generates two output frequencies for the 
8274s. Each frequency is selectable in baud rates from 50 to 19200. 


K.4.5 PROGRAMMABLE TIMER 


An Intel 8253 Programmable Timer has three independent 16-bit counters. 
The 8086 sends out control words to initialize the counters with the desired 
mode. A 1.228 MHz signal is applied to the clock input of counter O and the 
output of this counter is tied to the master 8259 interrupt controller. Coun- 
ter 0 is used for software timer applications. Counters 1 and 2 are not used. 


K.4.6 INTERRUPTS 


The 8168 board contains two 8259A Programmable Interrupt Controllers. The 
slave interrupt controller has as inputs the four interrupts from the 8274 
communication chips. These interrupts are given highest priority by directing 
the slave output into the master request level 1 and not using request level 
Q. The interrupts to the 8086 are listed below in order of decreasing prior- 
ity. 
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Table K-l. ADC Interrupts 
INTERRUPT NAME DESCRIPTION _ 
Master IRO Not used 
Master IRI Slave interrupts (8274s) 
Master IR2 Parallel I/O port interrupt for printer 
Master IR3 Interrupt from the 8253 timer 
Master IR4 Message In interrupt 
Master IR5 Message Out interrupt 
Master IR6 Code RAM parity error 
Master IR/ Not used 


Slave IRO 8274-1 
Slave IR1 8274-2 
Slave IR2 8274-3 
Slave 8274-4 


‘K.4.7 DIAGNOSTIC STATUS LAMP 


The 8168 Controller board contains a LED (located at the top edge of the 
board between connectors J2 and J3) that is used to indicate the status of the 
power-up built-in test (BIT). A flip-flop (diagnostic status register) turns 
the LED on at power up. When the BIT is successfully completed, the flip-flop 
is reset and the LED is turned off. 


K.4.8 WAIT STATE GENERATORS 


There are two wait state generators associated with 8086 accesses. One 
generates two wait states for the EPROMS and all I/0 devices, and the other 
provides six wait states for the parallel port data. | 


K.5 INSTALLATION 


The following paragraphs describe the unpacking, inspection, and installa- 
tion instructions for the VS-100 Async Device Controller. Refer to Chapter 4 
of the VS-100 Computer System Product Maintenance Manual for more details. 


K.5.1 UNPACKING 


Before unpacking the VS-1l00 Async Device Controller, check all packing 
slips to ensure that the proper equipment has been delivered. Inspect all 
shipping containers for damage (crushed corners, punctures, etc.). Open the 
boxes and remove the Async Controller boards. 


K.5.2 INSPECTION 


Inspect the boards for packing material and such shipping damage as broken 
connectors. If damage is discovered, follow the reporting procedure in para- 
graph 4.4 of the VS-100 Product Maintenance Manual. 
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K.5.3 MINIMUM REQUIREMENTS 


K.5.3.1 Hardware 

Hardware minimum requirements are listed in paragraph 4.6 of the Product 
Maintenence Manual. 
K.5.3.2 Software 


The VS-100 Async Device Controller requires a minimum OS Release 6.4X.XX. 


K.5.4 ASYNC CONTROLLER INSTALLATION 


i Power down the system. 

2 Remove the top cover. 

3 Ensure that the switch settings, on the 210-7826 TCP/IOP motherboard 
to be inserted, are correct (see figures K-3 and K-4). 


1OP 
SELECTION 


BA 
SELECTION 


NOT USED 


NOT USED 


ON =ACTIVE 


*FOR FUTURE EXPANSION 


B-02181-FY85-2 


Figure K-3. TCP/IOP Board Switch Settings 
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Figure K-4. 210-7826 TCP/IOP Motherboard 
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Figure K-5. 210-8168 Controller Board 
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4, 


Ensure that the memory chip size jumpers on the controller board 
(figure K-5 above) are in the position shown below in figure K-6. 
These jumpers determine the type of memory chip used. Presently only 
64K RAM chips are supported. 


_ MEMORY 
CHIP SIZE 
- JUMPERS 


& 


Figure K-6. 210-8168 Memory Chip Size Jumpers 


Insert the TCP/IQP Motherboard/Controller Board assembly into an a- 
vailable TCP/IOP slot in the motherboard. Ensure that the connectors 
are mated before pushirg down on board. 

Install the Rear Panel Assembly, consisting of the 8324 Line Driv- 
er/Receiver Daughterboard (figure K-7) and the 8323 Line Driver/Re- 
ceiver Motherboard (figure K-3), in the blank connector plate loca- 
tion (shown in figure K-9) in the rear of the mainframe using the 
hardware provided. 
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Figure K-7. Async Rear Panel Asserbly (210-8324 Daughterboard Side) 
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Figure K-8. Async Rear Panel Assembly (Connector Side) 
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Figure K-9. Blank Connector Plate for Rear Panel Installation 
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/. Connect the cables as shown in figure K-10. 
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Figure K-10. Cable Connections 
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Connect all workstations. 

Power on the mainframe and check the -12 Volt supply on the 7826 TC 

Motherboard as follows: 

a. Connect the negative lead of a digital voltmeter to the -12 Volt 
test point and the positive to the +0 Volt bus. (See figure K-4.) 

b. Adjust trimpot (figure K-4) until the meter reads -12 V +0.5 V. 


SYSTEM CHECKOUT 


Power up the system. 

Load microcode and IPL the system. 

Power on all peripherals. 

Ensure that all workstations configured through the Async Controller 
display the logon screen. 

Ensure that logon is possible from each workstation. 

Turn the system over to the customer. 


K.6 PREVENTIVE MAINTENANCE 


There is no preventive maintenance for the VS-100 Async Device Controller. 


K.7 CORRECTIVE MAINTENANCE 


Corrective maintenance for the VS-100 ADC consists of removal and replace- 
ment of defective parts. 


K.7.1 ASYNC CONTROLLER BOARD ASSEMBLY REMOVAL AND REPLACEMENT 


Power down the mainframe. 

Remove the top cover. 

Remove the cables from the top of the controller board. 

Lift the TCP/IOP/Controller Board assembly straight up and out of the 

card cage. 

To replace the Controller Board, reverse the removal procedure. 

Power on the mainframe and check the -12 Volt supply on the 7826 TC 

Motherboard as follows: 

a. Connect the negative lead of a digital voltmeter to the -12 Volt 
test point and the positive to the +0 Volt bus. (See figure K-4.) 

b. Adjust the trimpot (figure K-4) until the meter reads -12 V +0.5 
V. 


NOTE 


The system power supply must be adjusted to -13.6 V 
to obtain the necessary -12 V on the TC board. 
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K./.2 REAR PANEL ASSEMBLY REMOVAL AND REPLACEMENT 


L. Power down the mainframe. 

2. Remove the top cover. 

Oe Remove the cables from the Line Driver/Receiver Daughterboard and 
Motherboard of the rear panel. 

4, Remove and save the hardware securing the Rear Panel to the mainframe. 

Da To replace the Async Rear Panel Assembly, reverse the removal proced- 
ure. 


K.8 TROUBLESHOOTING THE ADC 


This paragraph describes, in flow chart form, procedures for fault isola- 
tion in the VS-100 Async Device Controller. Refer to the flow chart in figure 
K-11. 
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Figure K-11. ADC Troubleshooting Flow Chart (Sheet 1 of 2) 
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Figure K-11. ADC Troubleshooting Flow Chart (Sheet 2 of 2) 
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The following table lists the field replaceable units (FRUs) for the 
VS-100 Async Device Controller. 
Table K-2. VS-100 ADC Field Replaceable Units 

DESCRIPTION __ FRU __ 
220 R05 21. scaeceie aes ee ae wia es 25-ft 2110 Workstation Cable ..... ccc wcccccaees CBL 
120-2381-O1l .......eeen, 50-ft 2110 Workstation Cable ...cccwc sec cece oes CBL 
120-2381-02 ..... ive~esace: LOO=ft 2110 Workstation: Cable: sccc4d cinta tes CBL 
120=2381-03 sic ckadetees 500-ft 2110 Workstation Cable ....ccecccccceeee CBL 
120=238 1-05 vise iensiccaeaee 1000-ft 2110 Workstation Cable ...... yeavieuee Paves CBL 
120-2381-05 ...cccccoaee 2000-ft 2110 Workstation Cable ..cceccacacccees CBL 
Re ee ere rer Driver/Receiver ee b:66 abe eee eane EGR 

ata ee eae eesess, ASVNG. CONLIOLICY wiiwswa wee eine ee eu eeaw sew Bool 
oer ee eee ee 12-ft RS-232-C TC Cable .......... ee ewabvetaxs CBL 
et wsdevava ease: ee aca 25-f£t RS—-232-C TC Cable sss cccwsw ics ee CBL 
eee ree ee eee SO=f£t RS=232-C TC Cable sxaies esa oes4oeel secs CBL 
P catpiacie teiacuca's 26-pin Ribbon Cable .......cseeeee ‘ ae ore CBL 
pie ures ut ; se AO=pin- RIDDON: Cable. wise arc ans eae e ese waneaweew CBE 


Async Rear Panel Assembl 
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CHAPTER L1 


INTRODUCTION 


iat 


SCOPE AND PURPOSE 


This Addendum provides installation and maintenance information for the 
CDC Virtual Machine Operating System. This material is designed to supplement 
the standard Product Maintenance Manual for the VS-90/100 Computer Systems. 


NOTE 
Throughout the remainder of this document, the CDC 
Virtual Machine Operating System will be refered 
to as CDC/VM. Also, although the CDC/VM Operating 
System is supported on several members of the VS 
family (VS-85, VS-90 and VS-100), this document 
will only make reference to VS-90 and VS-100 systems. 


L1.2 RELATED DOCUMENTATION 


A complete listing of Wang technical documentation is presented in 
the Technical Documentation Catalog/Index (742-0000). Other product 
documentation is identified in the Corporate Resource Catalog (700-7647). 


L1.3 SYSTEM DESCRIPTION 


The CDC Virtual Machine Operating System, developed for WANG VS systems by 
Control Data Corporation, allows a physical VS computer to be divided into a 
number of subsystems. It does this by allowing multiple operating systems to 
run concurrently from the same physical VS system, making this single system 
appear to be two or more machines. 

With each user choosing a different operating system, an installation 
running CDC/VM on one VS system appears to be running many separate computer 
systems, each with different capabilities. 

New or existing VS-90/100 systems can be upgraded to run CDC/VM, with only 
a few minor changes to the standard VS. A new B-Bus board, new Control Memory 
board, and a Floppy Disk Controller Prom, along with appropriate system 
microcode is required in this upgrade. 

CDC/VM will be marketed exclusively by Control Data Corporation, with 
Service to be performed by Wang Customer Engineers. 
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CHAPTER L2 


re ee we ee + 


INSTALLATION 


LZ. SCOPE 


This chapter describes the procedures for unpacking, inspecting, and 
installing the various components required for operation of CDC/VM. Included 
in this chapter are instructions for initial power-up and checkout. 

Actual installation should not begin until the site requirements detailed 
in the appropriate VS Product Maintenance Manual. 


L2.2 SPECIAL TOOLS AND TEST EQUIPMENT 


All tools and test equipment required for maintaining the VS systems are 
listed in the VS-100 Product Maintenance Manual. No special tools or test 
equipment are needed to maintain a VS system with CDC/VM installed. 


L2.3 UNPACKING 
1. Before unpacking any PC boards when field installing this option, 
check all packing slips to make sure that the proper equipment has 


been delivered. 


2. After checking packing slips, inspect all shipping containers for 
damage (crushed corners, punctures, etc.). 


3. If damage is discovered durin~ inspection, file an appropriate claim 
promptly with the carrier involved, and notify your supervisor. 


NOTE 
For VS system unpacking instructions please refer 
to Chapter 3 of the VS-100 Product Maintenance 
Manual. 


L2.4 INSPECTION 


l. Inspect all PC boards for packing material or such shipping damage as 
broken connectors. 


Oi. If damage is discovered during the inspection, follow the 
aforementioned reporting procedure. 
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L2.5 INSTALLATION 


NOTE 
The following procedure applies only to the field 
installation of the CDC/VM option. For VS System 
Installation Instructions please refer 
to Chapter 3 of the VS-100 Product Maintenance 
Manual. 


L2.5.1 Field Installation of the CDC/VM option 


1. 


2. 


74)-0871-4 


Insure all users have logged off and remove power from the system. 


Remove the covers from the system as shown in Chapter 7 of the 
VS-100 Product Maintenance Manual. 


Following the removal procedure in Chapter 7 of the VS-100 
maintenance manual, remove the "B" Bus Board from slot 3 of the 
Motherboard. 


Insert the new "B" Bus Board (Ref. Fig. L2-1) into slot 3. 


Following the removal procedure in Chapter 7 of the VS-100 
maintenance manual, remove the Control Memory Board from slot | 
of the Motherboard. 


Insert the new Control Memory Board (Ref. Fig. L2-2) into slot | 
of the Motherboard. 


Following the removal procedure in Chapter 7 of the VS-100 
maintenance manual, remove the Minifloppy Drive from the system. 


Remove the Microcode Prom from location LIO of the Minifloppy 

Drive Controller Board and replace it with the new Microcode Prom 
P/N 378-3219. (Ref. Fig. L2-3.) Installation of this Prom changes 
the Minifloppy Drive Controller Board part nuinber to 210-7610-1A. 


Reinstall the Minifloppy Drive into the system following the 
procedure outlined in Chapter 7 of the maintenance manual. 


. Install the covers on the system (Ref. Chapter 7 of the VS-100 


Product Maintenance Manual.) 


. Apply Power to the Machine and follow the system checkout 


procedures found in Chapter 3 of the VS-100 Product Maintenance 
Manual. 


. The following Microcode Diagnostics must be run to verify the B 


Bus voard and the Control Memory Board. (Ref. Chapter 8 of the 
Product Maintenance Manual.) 


T9110 Data Stack and T-RAM 


T6110 CM Moving Inversions (upper 8K) 
T7110 CM Moving Inversions (lower 4k) 
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13. After successful completion of these procedures, the system may 
be turned over to the customer in accordance with Chapter 3 of 
the Product Maintenance Manual. 
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Figure L2-1 "B" Bus Board 
210-8569 
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Figure L2-2 Control Memory Board 
210-8204-1A 
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Figure L2-3 Minifloppy Drive Controller Board 
210-7610-1A 


74)-0871-4 L2-5 COMPANY CONFIDENTIAL 


APPENDIX L 


CHAPTER L3 
ILLUSTRATED PARTS BREAKDOWN 


L3.1 SCOPE 


This chapter contains the illustrated parts breakdown for the 
hardware components used with the CDC/VM. Use this breakdown for part number 
identification when ordering field replaceable items. 
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Figure L3-1 "B" Bus Board 
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Figure L3-2 Control Memory Board 
210-8204-1A 
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CHAPTER L4 
TROUBLESHOOTING 


To troubleshoot VS systems equipped with the CDC Virtual Machine Operating 
System, follow the procedures outlined in Chapter 8 of the VS-100 Product 
Maintenance Manual. The Microcode Diagnostics listed below specifically test 
the components required by CDC/VM. 


T9110 Data Stack and T-RAM 
T6110 CM Moving Inversions (upper 8K) 
T7110 CM Moving Inversions (lower 4K) 


Verify also that when running COC/VM, the CDC/VM indicator on the "B" Bus 
board (see Fig. L2-1) is pulsating off and on. This light indicates memory 
address translation activity. The light is on when address translation is not 
in use. Thus, under normal virtual machine operating conditions, the light 
will never remain continuously on or off. 


74)-0871-4 L4-| COMPANY CONFIDENTIAL 


APPENDIX 


APPENDIX M 
4 MEGABYTE MAIN MEMORY BOARD 


741-0871-5 COMPANY CONFIDENTIAL 


APPENDIX M 


TABLE OF CONTENTS 


Page 
CHAPTER Ml INTRODUCTION 
Mla] “SCODG: aNd ‘(PUY DOSE ans entiaciscuak ae ieee ieee aaa oe euw aa eeeaees M1-1 
Mis2. Related DOCUMENTATION: 64% besa She slan esti fae eR oR a OSA ele Teen M1-1 
Milica -MOde1.."DESETID ELON vsn 44s wv as -aee Doe mca Sos we ae eee eee he eS M1-1 
Mind SOP TWAVe REGUITOMEN CS: sc sconce dno hureaiw echenee et asince Wha dewankt aaa Ml-2 
M1.5 VS-100 Memory Upgrade Kits ...... cece ccc cee ee eect eee eee te eee eees Mi-2 
CHAPTER M2 INSTALLATION 
Mod SGOMCIa: vars. race endtnawee ee asthe eee eee ea ee Me Se A ae as M2-1 
M2<2. UADaACKING: and LNSPCCUION. <i5i5ais one we bee eee ie eR aka ees ee M2-] 
M223 MEMOryY: CONT IGUPAELONS: is.c Sercd hase Barc aie be a eared wale alan owes REA Wo sce Rewer M2-3 
M24 JUMPER SOTUINGS..24 psn decennuas Gwe bean bid eiee sees Aegean teaw eae M2-3 
M2.4.]1 Cache Memory Board Switch and Jumper Settings ............... M2-3 
M2.4.2 Main Memory Board Jumper JP] Settings ..............c cee cee M2-3 
M2.5 Modified System Motherboard & 4 Meg Main Memory Board Installation M2-7 
M2.6 Modified System Motherboard Description ........... cee ee eee M2-7 
M2-d. VS=90. Memory UDGCAUES: «nue teenie cole es ee ween bak wee ee ewe eal ota as M2-7 
CHAPTER 3 TROUBLESHOOTING 
awe - GENIC, «cee Gkceate cate ae fetes ia esl le wa aak Geacdad. dub a Mee acta acorn a ee tore antes ataae M3-1 
CHAPTER M4 ILLUSTRATED PARTS BREAKDOWN 
M@ed. “GGNOrdal: sty ius wa daeewaren umn taea ee Balas eke eee dee ete Sea eee M4-] 
LIST OF ILLUSTRATIONS 
Figure Description Page 
M2-] Unpacking tne PC Boards -0ses.caes hh Saw ei daw Sea O eke M2-2 
M2-2 4 Meg Memory Board Chip Loading .......... eee cece cee ee eee M2-4 
M2-3 VS-100 Cache Memory Board ........ ccc cece ccc cee eet eens M2-5 
M2-4 VS-100 Cache Memory Board Jumper and Switch Settings ........ M2-6 
M2-5 Modified VS-100 Motherboard Wiring ............ ccc cee ee eee M2-8 
LIST OF TABLES 
Table Description Page 
M1-1 VS-100 Memory Upgrade Kits ....... cc ccc ccc ec cee eee ees M1-2 
741-0871 -5 j COMPANY CONFIDENTIAL 


APPENDIX M 


CHAPTER Ml 


INTRODUCTION 


Ml.) SCOPE AND PURPOSE 


This Addendum to the VS-100 Computer System Product Maintenance Manual 
provides instructions to increase the main memory capacity of the present 
VS-100 from either 8MB to 12MB or 12MB to 16MB by installing new 210-8603 Main 
Memory Boards, replacing the original system motherboard with a modified 
motherboard, and installing/replacing 210-8570-A cache memory. By using this 
upgrade in conjunction with the present memory boards available, the VS-100 
will now support memory configurations of 2, 4, 8, 12, or 16MB of main memory. 


NOTE 


VS-90 systems may be upgraded with this memory, but 
must first be upgraded to a VS-100. 


M1.2 RELATED DOCUMENTATION 


A complete listing of Wang technical documentation is presented in the 
Technical Documentation Catalog/Index (742-0000). Other product documentation 
is identified in the Corporate Resource Catalog (700-7647). 


Ml.3 MODEL DESCRIPTION 


The 210-8603 Main Memory Board is equipped with 256K RAM chips. The 
population of these chips on the board account for the three possible memory 
configurations available. ? 


The model structure for the main memory option is as follows: 


P/N MEMORY CAPACITY 
210-8603-1 IMEG 
210-8603-2 2MEG 
210-8603-3 4MEG 
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Ml.4 SOFTWARE REQUIREMENTS 


Software Operating System release 6.40.xx or above, and CP microcode 
4.59.01 are required to support operation of the 12 and 16 Meg system 
configurations. Previous operating systems will support the memory boards in 
configurations of 8 Meg or less. | 


M1.5  VS-100 MEMORY UPGRADE KITS 


Table Ml-1 below, shows the various memory configurations now in the 
field, and lists the appropriate Wang update kits which must be installed to 
bring the total syste memory to a supported memory configuration (2, 4, 8, 
12, or 16 Meg). 


NOTE 
Configurations which currently contain less than 2MB 


must first upgrade to 2MB, and then order the appropriate 
upgrade from that point. 


Current Total Wang U! Kit Required for Memory Uggrade 


System Memory 2 Meg 4 Meg 8 Meg 12 Meg 16 Meg 
512 K UJ-3401 
768 K UJ-3402 
| Meg UJ-3403 
1.25 Meg UJ-3404 
1.5 Meg UJ-3405 
1.75 Meg UJ-3406 
2 Meg UJ-3407 UJ-3409 UJ-3415*  UJ-3422* 
3 Meg UJ-3408 UJ-3410 U~-3416*  UJ-3423* 
4 Meg UJ-3411 tUJjJ-3417*  UJ-3424* 
5 Meg UJ-3412  UJ-32"'8*  UJ-3425* 
6 Meg UJ-3413 Ud-2419*  UJ-3426* 
7 Meg UJ-3414  UJ-3420*  UJ-3427* 
8 Meg UJ-3421*  UJ-3428* 
12 Meg UJ-3429* 


* Requires the above UJ kit, as well as UJ-3380 which contains a R3 


motherboard, 210-8570-A cache memory, and extra hardware. 


Table MI-1 
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CHAPTER M2 
INSTALLATION 


M2.) GENERAL 


This chapter presents information for unpacking, inspecting and installing 
the 4 megabyte main memory board and the modified system motherboard into the 
VS-100 Computer System. This secticn also contains a listing of the jumper 
differences between the existing system motherboard and the modified 
motherboard, as well as instructions for memory configuration switch and 
jumper settings required to support the 4 meg memory board. General 
information concerning VS-100 installation can be found in Chapter 3 of this 
Product Maintenance Manual. 


M2.2 UNPACKING AND INSPECTION 


The 4 megabyte main memory board and system motherboard are packed in 
shipping cartons as shown in figure M2-1. Refer to figure M2-1 while 
performing the procedure given below. 


1. Before unpacking the PC boards, inspect the shipping cartons for 
damage. If any damage is noticed, notify the carrier and your 
Supervisor immediately. 

2. Using a sharp knife, carefully cut the shipping tape used to secure 
the cartons. Carefully open the cartons and save all packaging 
material for reshipment, if necessary. 


3. Check the contents against the shipping bill to ensure that nothing 
is missing or damaged. 


4. Inspect the boards for shipping damage (broken connectors, etc.). 
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Figure M2-1 Unpacking the PC Boards 
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M2.3 MEMORY CONFIGURATIONS 


The 4 megabyte main memory board is available in 3 memory configurations 
(1, 2, or 4 Meg). The memory configuration is determined by the population of 
256K memory chips (377-0589) present on the board. Figure M2-2 depicts the 
memory chip loading configurations and associated chip part numbers. 


M2.4 JUMPER SETTINGS 
M2.4.1 Cache Memory Board Switch and Jumper Settings 


The 210-85/70-A cache memory board used on VS-100 systems is equipped with 
memory configuration jumpers and switches which must be set for proper system 
Operation. Figures M2-3 and M2-4 show the location and proper settings for the 
jumpers and memory switches on the 210-85/70-A board. Refer to these figures 
while performing the procedure given below. 


1. Power down the VS-100 by pressing the ac power on/off rocker 
Switch to the O position. 


2. Following the procedure given in Chapter 7 of the VS-100 | 
maintenance manual, remove the cache memory board from the system. 


3. Refering to the figures listed above, set the memory 
configuration jumpers to reflect the largest memory board to be 
installed into the system, and set the memory configuration 
Switches, in combination if necessary, to reflect the total 
amount of system memory to be installed. 


4. Following the procedure given in Chapter 7 of the VS-100 
maintenance manual, reinstall the cache memory board into the 
system. 


M2.4.2 Main Memory Board Jumper JPI Settings 
JP] on the main memory board contains three pins . With the board held 
connector edge down, Pin 1 is located on the top, pin 2 in the center, and pin 


3 on the bottom. Manufacturing will install a shunt connecting pins 1 and 2. 
In no case should this shunt be moved in the field. 
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Chip Loading 


LI-L10, LI4-L32, L35-L44 


LI-L10, LI4-L32, L35-L54, 
L58-L76, L/9-L88 


LI-L10, L14-L32, L35-L54, 
L58- L76, L79- L98 , L102-L120, 
L123- L142, L146- L164, L167-L174 


Figure M2-2 4 Meg Memory Board Chip Loading 
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Figure M2-3 VS-100 Cache Memory Board 
210-85/0-A 
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Figure M2-4 VS-100 Cache Memory Board Jumper and Switch Settings 
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M2.5 MODIFIED SYSTEM MOTHERBOARD AND 4 MEG MAIN MEMORY BOARD INSTALLATION 
1. Power down the VS-100 by pressing the ac power on/off rocker switch 
to the 0 position. Remove the ac power cable from its outlet, and 
remove the top cover. 


2. Check revision level of existing motherboard. If board is marked R3 
on the component side of the board, left of the control memory, 
proceed to step 7. 


3. Carefully remove all boards from the system's CPU section (ref. 
Chapter 7 of the VS-100 Product Maintenance Manual). 


4. Remove the system motherboard from the unit (see Chapter 7 of the 
VS-100 Product Maintenance Manual). 


5. Carefully install the modified system motherboard from UJ-3380, into 
the unit. 


6. Install PC boards removed in step 3 into the system. 
7. Verify cache memory jumper and switch configurations, and memory size. 


8. Install new memory boards as required for system configuration, 
reinstall the top cover, plug the AC power cable into its outlet, and 
power up the CPU. 


NOTE 


Memory boards must be installed in pairs, with the largest 
pair installed in the first two slots. For example, a memory 
upgrade to 12MB would require installation of two 4MB and two 
2MB memory boards. The two 4MB boards would be installed in 
the first two slots, followed by the two 2MB boards. 


9. Run Diagnostics (see Chapter 8 of the VS-100 Product Maintenance 
Manual) to verify correct system operation. 


M2.6 MODIFIED SYSTEM MOTHERBOARD DESCRIPTION 


The modified VS-100 motherboard (210-7608, R3) contains jumpers to 
accommodate the new memory configurations. These modifications must be 
incorporated into the motherboard for proper operation of the 2 megabyte and 4 
megabyte memory boards. The jumpers for this modification are outlined in fig. 
M2-5. 


M2.7 VS-90 MEMORY UPGRADES 


As previously stated, VS-90 systems may be upgraded with this memory, but 
must first be updated to a VS-100. 
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a. Jumper Jl2 pin 23 to J18 pin 23, J21 pin 23, J24 pin 23, J27 pin 23. 
b. Jumper JIl2 pin 39 to J18 pin 39, J21 pin 39, J24 pin 39, J27 pin 39. 
c. Jumper JI7 pin 74 to Jl7 pin 76, J20 pin 76, J23 pin 76, J26 pin 76. 


The assembly will be marked Revision R3 on the component side of the board, 
left of the control memory. 


Figure M2-5 Modified VS-100 Motherboard Wiring 
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CHAPTER M3 
TROUBLESHOOTING 


M3.1 GENERAL 


Micro-diagnostic tests DA1O and DE10 are used to troubleshoot the 4 meg 
main memory board. The exact test which should be run is determined by the 
amount of main memory installed in the system. Use the table below to 
determine the test to be run with each configuration. 


MAIN MEMORY INSTALLED IN SYSTEM TEST TO BE RUN 

2 Meg (Two 1 MB boards) DE10 

4 Meg (Four 1 MB boards) DE10 

8 Meg (Eight 1 MB boards) DE10 

8 Meg (Two 4 MB boards) DA10 

16 Meg (Four 4 MB boards) DA10O 

12 Meg (Two 4 MB boards Run DA1O on 8 Meg (Two 4 
and two 2 MB boards) MB boards) then run DE10 


on the remaining 4 Meg 
(Two 2 MB boards) 
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CHAPTER M4 
ILLUSTRATED PARTS BREAKDOWN 


M4.1 GENERAL 


If defective, the entire 4 megabyte main memory board should be swapped 
out and replaced as a complete unit. The individual memory chips are not field 
replaceable units. The exact model number of the board to be replaced can be 
determined by the population of memory chips resident on the memory board as 
specified in figure M2-2. Model numbers of the memory board are as follows: 


MODEL IZE 
210-8603-1 IM 
210-8603-2 2M 
210-8603-3 4M 
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CHAPTER NI 
INTRODUCTION 
N1.1 SCOPE AND PURPOSE 


This Addendum provides installation and maintenance information for the 
Wang 32 Port Serial Controller IOP (212-3109). This material is designed to 
supplement the standard Product Maintenance Manual for the VS-100 Computer 
System. 


N1.2 RELATED DOCUMENTATION 


A complete listing of Wang technical documentation is presented in the 
Technical Documentation Catalog/Index (742-0000). Other product documentation 
is identified in the Corporate Resource Catalog (700-7647). 


N1.3 FUNCTIONAL DESCRIPTION 


The 32 Port Serial Controller is a modularized, Z-80 based, 32 port, 928 
daughter board controller which mates with the 7826 TC IOP. It has a MUXBUS 
connection which will support connection of elements of the Modular 928 Serial 
I/O Subsystem, such as Electrical APAs. Resident on the board are 64Kx9 of 
DRAM, a Z-80 microprocessor, two 2-80 CICs, two 9517 DMA Controllers, a 
discrete DMA controller, two 2Kx8 Static RAMs, and a diagnostic LED for BIT 
testing. (Ref. Fig. NI-1.) 


N1.4 SOFTWARE REQUIRED 


The 32 Port Serial Controller requires an Operating System of 6.40.xx or 
above to support the loading of microcode file @MC22V47, revision 7.05.02. 
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Figure NI-1 32 PORT SERIAL CONTROLLER BD. 
212-3109 
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CHAPTER N2 
INSTALLATION 
N2.1 SCOPE 


This chapter describes the procedures for unpacking, inspecting, and 
installing the 32 Port Serial Controller. Included in this chapter are 
instructions for interconnection and initial power-up. Actual installation 
Should not begin until the site requirements detailed in the VS-100 
Maintenance Manual have been met. If further information is required, refer to 
the VS-100 Computer System Product Maintenance Manual. 


N2.2 SPECIAL TOOLS AND TEST EQUIPMENT 
No special tools or test equipment are required for the installation and 
Maintenance of the 32 Port Serial Controller. 
N2.3 UNPACKING 
1. Before unpacking the Controller Board check all packing slips to make 
Sure that the proper equipment has been delivered. 
2. After checking packing slips, inspect all shipping containers for 


damage (crushed corners, punctures, etc.). 
3. Open the box and remove the PC Board as shown in Fig. N2-1. 


G) CUT TAPE 
= (2) OPEN BOX 


rs 


(3) REMOVE 
PCB FROM 
PROTECTIVE BAG 


B-02306-FY85-3 


Figure N2-1] Unpacking the 32 Port Serial Controller Board 
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N2.4 INSPECTION 


1. Inspect the Controller and associated cabling for packing material or 
such shipping damage as broken connectors. 

2. If damage is discovered during the inspection, follow the reporting 
procedure in chapter 3 of the VS-100 Maintenance Manual. 


N2.5 INSTALLATION 


1. Prior to installation, ensure that J9 pins |] and 2 are jumpered 


together (ref. fig. NI-1). This jumper is not intended for field use 


and must be in at all times for proper operation of the controller. 
2. Set the IOP motherboard switches as shown in figure N2-2. 


3. With the system power off, insert the Controller Board into an 
available I/O Device Adapter slot by placing it in the board guides and 
lowering it to the Motherboard connector. 

4. Make sure the board edge connectors are lined up with the motherboard 
connector, and insert the IOP. 

5. Attach the CPU Interface Panel to the rear of the VS-100, in an 
available I/O panel. 

6. Connect J5 of the controller to the CPU Interface Panel via a 34 pin 

ribbon cable. 

. Attach cable between the VS-100 and the VS Cable Concentrator. 

. Attach the VS Cable Concentrator to J1 of the 8 port active port 

assembly (APA). Reference figure N2-3. 


co =] 


NOTE 
Up to 4 APA's may be daisy chained together to achieve 


a 32 port configuration. Refer to figure N2-3 for daisy 
chain configuration examples. 


8. Connect serial peripherals to the APA(s) as required for proper system 
configuration. 
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Figure N2-2 Serial Controller IOP Motherboard Switch Settings 
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Figure N2-~3 VS-100 32 Port Serial Controller/Electrical APA Cabling 


741-0871-5 N2-4 COMPANY CONFIDENTIAL 


APPENDIX N 


CHAPTER N3 
TROUBLESHOOTING 


N3.1 GENERAL 

Troubleshooting the 32 Port Serial Controller Board is accomplished with 
BIT (Built In Test) capablities. On power up, the diagnostic LED located on 
the Controller (ref. fig. NI-1) will light. After approximately 10 seconds the 
LED will extinguish indicating the board has passed all built in diagnostic 
tests. If the LED remains lit, a fault is indicated. 
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CHAPTER N4 
ILLUSTRATED PARTS BREAKDOWN 


N4.1 GENERAL 


If defective, the entire 32 Port Serial Controller (212-3109) should be 
Swapped out and replaced as a complete unit. Below is a listing of the Field 
Replaceable Units associated with the 32 Port Serial Controller. 


COMPONENT PART NUMBER 
32 Port Serial Controller Bd. 212-3109 
Electrical APA 270-0975 
Terminator Board 210-8503 
VS Backpanel (VS-CC-CPA) 452-4778 
External Cable 220-0510 
(from VS to Cable Concentrator) 

Electrical APA Cable 220-3234 
(Ribbon Cable connecting APAs) 

DC Power Cable 220-2345 
(Connects APA DC power) 

Cable 220-3470 
(from Serial Cont. to rear of VS) 

Cable 220-3471 


(from rear of Cable Concentrator 
to first APA) 


DC Power Cable 220-3470 
(Connects APA DC power to power 
supply) 
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